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Yolume1 EXECUTIVE SUMMARY

The Executive Summary provides an overview of major elements of the Study. It summarizes the
Study analytic efforts, the documentation developed, and reviews the recommendations resulting from
the analyses conducted during Phase 2 of the Study.

Volume 2 PHASE 2 FINAL ORAL PRESENTATION

The Final Presentation Material volume contains the charts used in the Final Oral Presentations for
Phase 2, at KSC on April 6, 1988. A brief, overall review of the Study accomplishments is provided.
An indepth review of the documentation developed during the last quarter of Phase 2 of the Study is
presented. How that information was used in this Study is explained in greater detail in Vols. 3 and 4.
An initial look at the topics planned for the upcoming Workshops for Government/Industry is presented
along with a cursory look at the results expected from those Workshops.

VYolume3 SPACE-VEHICLE OPERATIONAL COST DRIVERS HANDBOOK (SOCH)

The Space-vehicle Operational Cost drivers Handbook (SOCH) was assembled early in Phase 2 of the
Study as one of the fundamental tools to be used during the rest of the Phase. The document is mada up....
of two parts -- packaged separately because of their size.

Part 1 Presents, in checklist format, the lessons learned from STS and other programs.
The checklist items were compiled so that the information would be easily usable
for a number of different analytical objectives, and then grouped by disciplines or
gross organizational, and/or functional responsibilities. Content of the checklists
range from 27 management; 11 system engineering; 8 technology; and 19 design
topics -- with a total of 793 individual checklist items. Use of this Handbook to
identify and reduce Cost Drivers is recommended for designers, Project and
Program managers, HQ Staff, and Congrassional Staffs.

Part 2 Contains a compilation of related reference information about a wide varioty of
subjects including ULCE, Deming, Design/Build Team concepts as well as current and
previous space launch vehicle programs. Information has been accumulated from
programs that range from, Saturn/Apollo, Delta, Titan, and STS to NASP and
Energia.

Volume 4 SIMPLIFIED LAUNCH SYSTEM OPERATIONAL CRITERIA (SLSOC)

The SLSOC document was developed from the generic Circa 2000 System document, Vol. 6; is similar in
content; and also indicates the manpower effect of the elimination of many STS-type cost drivers. The
primary difference between the two documents is the elimination of all generic Circa 2000
requirements (and support) for manned-flight considerations for the ALS vehicle. The data content of
- the two documents, while similar in nature, was reorganized and renumbered for SLSOC so that it could
be used as the basis for various panels and subpanels in an ALS Workshop.
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PHASE 2 STUDY REPORT (Cont'd)

Historical data is the basis for the conclusion that incremental improvements of technology and
methods cannot significantly improve LCC (by an order-of-magnitude) without major surgery. A
system enabling the development of a radically simplified operational concept, reflected in SLSOC, was
included so that proposed designs (and operations) could be compared to systems providing for
simplicity -- rather than the current STS complexity.

The identified operational cost drivers from STS plus other historical data were used as background
reference information in the development of each example concept designed to eliminate cost drivers.
These example concepts, when integrated, would support an order-of-magnitude cost reduction in
current (STS), exorbitant Life Cycle Costs (LCC). Individual operational requisites were developed for
each element in the associated management systems, integration engineering, vehicle systems, and .
supporting facilities. These have associated rationale, sample concepts, identification of technology
developments needed, and technology references to abstracts. The technology abstracts are provided in
a separate volume, Vol. §.

Technology changes almost daily, thus past trade studies may no longer be valid. In addition, old
*trades” often used inaccurate gsiimates of "real" operational costs. Vehicle designs are compromises
and have been performance oriented with operations methods/techniques based on those designs. It is
the intent of our example concepts in the SLSOC to stimulate design teams to improve or replace
conventional design approaches. Obviously, it is up to the responsible program design teams to provide
design solutions to resolve operational cost drivers.

Volume 5 TECHNOLOGY REFERENCES

This document provides a repository for the Technology References for the SLSOC and the CIRCA 2000
System documents. The technology references, mostly from NASA RECON, are supplied to the reader
to facilitate analysis on either the SLSOC or the CIRCA 2000 System documents. Some data references
were also obtained via DIALOG. I more technical information is desired by an analyst, he must obtain
the additional documentaiton thru his library or from some other appropriate source. The XTKB
(EXpanded Technology Knowledge Base) provided a user-friendly tool for our analyses in identitying
and obtaining the computerized database reference information contained in this document. Thousands of
abstracts were screened to obtain the 300 plus citations pertinent to SLSOC in this Volume.

Volume 6 CIRCA 2000 SYSTEM OPERATIONAL REQUIREMENTS

The Circa 2000 System Operations Requirements were developed using STS as a working data source.
We identified generic operations cost drivers resuiting from performance-oriented vehicle design
compromises and the operations methods/techniques based on those designs. Those Cost Drivers
include high-cost, hazardous, time & manpower-consuming problem areas involving vehicles, facilities,
test & checkout, and management / system engineering. Operational requisites containing rationale,
example concepts, identification of technology developments needed, and identification of technology
references using available abstracts were developed for each Cost Driver identified. Elimination of cost
drivers significantly reduces recurring costs for prelaunch processing and launch operations of space
vehicles.

NOTE: Volumes 1,3,4 and 5 are being widely distributed. Volume 2 is a copy of presentation material
already distributed and Volume 6 will be distributed only on request. Copies of the full report
will be placed in libraries at NASA HQ., JSC, KSC, MSFC and NASA RECON. Individual volume
copies may be obtained by forwarding a request to W. J. Dickinson, KSC PT-FPO, (407)
867-2780.
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Interim Problem Report

Individual Pressure Vessel
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Interface Unit _
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PV Present Value
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Qb Quick Disconnect
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RB Right Hand
RIC Rockwell International Corporation
RJDA Reaction Jet Drawver
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R&PM Research and Program Management
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R/R,R&R Repair/Replace
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S&A Safe and Arm
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SDI Space Defense Initiative
SDIO Space Defense Initiative Office/Organization
SDV Shuttle Derived Vehicle
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SIT System Integrated Test
SLSOC Simplified Launch System Operational Criteria
SM Support Module
SMA Shape-Memory Alloy
SMCH Standard Mission Cable Harness
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soC Satellite Operations Center
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Sov Statement of Work
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SPADOC Space Defense Operations Center

SPC Shuttle Processing Contractor (Lockheed)

SPIDPO Shuttle Payload Integration and Development Program Office (JSC)
SPDMS Shuttle Processing Data Management System

SPI Standard Practice Instructions
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ST Space Telescope

STA,STAS Space Transportation Architecture (Study)
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SPACE OPERATIONAL COST-DRIVERS HANDBOOK (SOCH)

1.0 INTRODUCTION

This Handbook is intended to be a useful tool for all Space Program Management,
System Engineers, and Designers. It is a checklist aid in reducing Life Cycle
Costs (LCC). SOCH has resulted from a one-year study of Shuttle Program
operational problems. This volume presents, in a checklist format, the lessons
learned as derived from documentation of problems from Shuttle and other
programs. ’

Extrapolation using actuals from FY-85 Space Shuttle Program (8 launches),
shows total Operations Cost will exceed 73% of the Life Cycle Cost while Design
and Manufacturing were less than 27X (based on ’85$). This is an exorbitant
cost for Operations which drives the LCC for one 100-flight Orbiter to $33.9
billion 1in 1985 dollars. Our best experience to date was FY-85 where Cost/lb
in LEO exceeded $5000. Obviously, in future worldwide price competition, the
"business as usual" approach will be suicidal for our Space programs.

Vhat is the solution? DRIVE LCC DOWN DRASTICALLY! (Order of Magnitude)

How? Put more effort (dollars) up-front in the early design phases to provide
for operations efficiencies. These dollars will be recovered many times
over.

How? Convince management, congress, and the administration that they may
expect exorbitant 1life cycle costs if funding provisions are not made
up-front for operational efficiencies -- both vehicle and facilities.

Then: Use this manual as a starting point and handy checklist for things that
must be considered to lower operational costs. If you find only one new
item applicable to your work -- it’ll be well worth the effort expended
in perusing this handbook.

GOOD LUCK!

USE OF THIS HANDBOOK IS RECOMMENDED --

FOR BY

DESIGN CONCEPTS -=> DESIGNERS
INITIAL DESIGN - DESIGNERS

DESIGN REVIEWS -2 PROJECT MANAGERS
MANAGEMENT REVIEWS -—> PROGRAM MANAGERS
LIFE CYCLE COST REVIEWS --> HQ STAFF

CONGRESSIONAL STAFF

NOTE: The "Circa 2000 Operations Requirements for an Orbital Access System"
eliminates the necessity for many of the cost-driver workaround
solutions described in this SOCH. The Circa 2000 concept is a separate
product of this study which incorporates the deletion of STS cost
drivers into an integrated concept. Documentation of this concept is
available upon request; contact Study Manager, Art Scholz, (407)
867-2334.
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Top Management Rules Checklist
Leadership

Management

Organization

Independent Centers

Life Cycle Costs

Cost Data

Revitalization

Vehicle/GSE Modifications
Training / Certification / Discipline
Quality Assurance

Robustness vs Overdesign
Database Interchange Structure
Launch & Mission Control Centers
Key Personnel Shortages

Design Priorities
Cannibalization

Commonality

Procurement

Funding Peaks

Manifest Changes
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NOTE: This Section provides a short checklist of the top level management
lessons learned from the Shuttle program. It also includes short
discussions of the problems, solutions, and examples from the topics
listed above. It should be a valuable tool for asking the "right"
questions.
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17.

2.1 TOP MANAGEMENT
' CHECKLIST

PROGRAM:
MANAGER:
ORGANIZATION/DESIGN BUILD TEAM:

RULES

. uﬁe%azstisﬂedriverofﬂeﬁxm—toigm
for ay program.

In selling programs, ephasize Life Cost, not
startup costs (particularly in
Executive Branch and Congress).

The top design priority mst be Life Cycle Cost.

Integrate knowledge of all organizations into the
original vehicle design through the use of Design/Build
teams.

A birth-to-death cost-effective program can only be
accomplished with totally integrated data systems
(Unified Life Cycle Engineering or ULCE).

Standardization & Conmmnality are anly effective when
implenented from the top down.

Design the Support — don’t support the design.

Revitalize our total approach to Space Yystems
development by: Incremental approaches; samkworks;
simplified system spacs; and comercial type approaches.

New facilities are probably more cost effective (from
an operatianal life cycle cost standpoint) then foroed
mdification of dbsolete facilities fram other programs.

. Multi-year proarenent lowers cost significantly.
- The program objectives should determine the organization

— mot vice-versa.

. NASA element managers must be primarily accontable to

the overall program manager rather than Center manage-
ment.

. Robustness is an operational design requirement,
. Lack of disci mst be overcome by a Deming-type

total ty program.

. Vehicle Modifications at the lanch site mist be under

the schedule and fiscal ontrol of Lanch Operatians.

. Provide adequate operatioml spares and meke

camibalization a no-no.

For cost-effective mamed operatians, the "Crew-in-
Command™ concept must be given.

PAGE ';t INTENTIONALLY BLANK

| APPLICABLE|
N




21 TOP MANAGEMENT RULES
CHECKLIST (CN.)

| APPLICAHLE|
N

18. EL% shortages during extended critical
operal can be solved by autamating labor-intensive
operatians.

19, Minimize the number of boards and reviews, particularly
for nncritical doaments and charges. Assign more
respansibility to line management.

20. Reduce the duplication of parallel goverrment and
omtractor aganizations.

21. Minimize the number of meetings, particularly those with
large mumbers of people.

22, Enforce elimination of duplicate or umeccessary paper-
work, forms, work authorization dooments, ete.

23. Assure estahlisment of operations teams, comparable
to desig/build teems, to develop streemline, workahle

procedures.

2%. Assure a complete review of NASA and MIL Standards,
based on life cycle cost amlyses.

25. Assure training of menagers to manage, particularly
those pramwted through the ranks with no formal

nenegenEnt training.

2. Insist an realistic schedules and for
mﬂmﬁasaﬂsystasﬁ%ﬁes.

27. Recognize potential mission failure as a reality and

develop plans ahead of time to avoid panic and
maintain control of the program’s destiny.




2.2 LEADERSHIP
Merogenent Notes

Problem

* lack of strong leadership at the very top of the Space
Agency  inperils ty of the U.S. to regain
intemational leadership

Solution

* A strog leader to mister and corral MASA’s resources to
realistically plan and persoally present the progras,
benefits, and true costs to Cagress and the President.
This leader shauld provide stature, leadership, ad
Integrity for Space programs which Americans and Congress
will admire axd follow. To quote the amrent NASA
Administrator, 10/20/87, "but quite frankly, I think they
nexd a youger, a more abitioss, a mwe energetic
leader."

2.3 MANAGEMERNT
Problem '

*  (ld style hureaxratic mnsgement has proven to be labor
intensive and inefficient.

Solutian

* Camputerized databases can eliminate need for many middle
magers  who nov anly gather and provide infomation for
top menegement decisions. This will allow top menagers
wo know how to effectively use camputer tools to obtain
data that is unfiltered and unbiased by middle management
protecting  their turf. Sinplya:nmterizixg the
bhureacracy must be awided, hovever

* Mxegement aulture must change to a mre participative
management style ( a la Deming—see Appendix 6.2) without
wastefill departmental barriers, self-propsgating rice
bowls or self-eating cantaloupes. This nust take place
both in N&SA and Contractor rarks.

*  With a high percentage of mEmagers in MASA ad
Ontractors approaching retirement, there is an umsual
opportunity to accomplish the charge. Care mist be taken
ot to replace these retiring maagers with their
lodalike proteges or nothing will be gained. Selection
of new managers should be based on their ability to make
imeginative use of the latest management techmology and
who are ot ingrained with a parochial viewpoint.

* The individul program objectives should determine the
organization requirement — not vice-versa.



2.3

MANAGEMENT (CONT.)

Eample

*

*

In mturing over the past twenty-five years, aerospace
manegenent, both in and out of goverrment, have sucaurbed
to hmreaxratic operations wherey consideration of ay
mregement o tedmical problem includes how will it
affect the "status qw". If the effect is negative in
ay way, the asswers are skeved meking it difficult for
top manegement to make cost effective decisions. Top
maegament also suffers from biased decisians made to
acoamodate their "status quo”.

The MASA recxganization, in response to the Presidential
Comission report an the Challenger accident, did not
aconplish the objectives. With few eaeptians,
organization boves and people were reshuffled to preserve
the "statis quo".

2.4

ORGANIZATION

Problen

*

As a result of compartmentalized tion
respansibilities, past vehicle designs have not
utilized and integrated the knowledge and experience of
specialists in functional organizatians.

design ad test grops during the definition and
developnent stage.

Individml program requirements should determine its
organizational structure — not vice-versa.

Barple

The sequance of hardware development wherely the hardware
designer completes his design (without input from
meufacturing, purchasing, operations, etc.) and "throws
it over the fence” for the other arganizations to do the
best they can in producing and operating the hardware in
a ocost-effective wvay has led to life cycle oosts an

25

INDEPENDENT CENTERS

Problen

*

Operation of MASA Centers independent of Program
direction. Flement memsgers are mre accantable to

their Center menagement then to the Program menegement.

Onter isoladon — Centers do mot freely o
systamtically commnicate problams to H or other
Centers. 8

Meregenent Notes



2.5

INDEPENDENT CENTERS @ONI)

Solution

*

Centralized program management at H) level oontrolling

funding and work authority. Program work at the Centers
should be placed clearly uder the Program Mangger’s
authority.

Banple

*

Fron the Presidential Commission Report on Challenger —
"The Suttle progran manegement structure should be
revieed. The project managers for the various elements
of the Shuttle program felt more acoontable to their
Cnter maagement than to  the Suttle program
aganizatin. Suttle element funding, work padage
definition and vital program infamation frequently
bypass the Natiamal SIS (Suttle) Program Maneger. A
redefinition of the Program Maager’s respansibility is
essential. This redefinition should give the Program
Maeger the Requisite authority for all angoing SIS
operations. Program funding and all Suttle program work
at the Centers should be placed clearly under the Program
Manager’s authority."

2.6

LIFE CYCLE COSTS

Probhlem

*

*

tans Cost for the arrent Suttle design has
tant. For FY-85, it totaled $2189.4M for 8

fughts or $2744/flight:
58 $464. M  Flight Ops $345. M
ET 415.84  Orhiter Bhre 162,

l62.M
Lanch Ops .M Crew Bqdp 3%.M
Propellants V.M SE 51.6M
GE 2.1  Cotract Adm 17.1M
Subtotal $1894.8M

Phis Network Support  $ 20.4M
R&M 746

$2189.4M (in '85 dollars)

FY-85 Total Cost

Minimizing up-front program costs miltiplies life grele

oosts.

Solution

*

Prepare thorough and realistic life cycle cost amalysis
for Corgress. Brphasize life cycle costs — not start<p

oosts.

Marcgement Notes



26 LIFE CYCLE COSTS (CONT.)

Beanple

*

For Space Station FY-88 Congressional Budget Hearings,
MASA was still quoting S100Wflight Swttle costs which
is based on an uwealistic 2 flights/year. This plays
don operational costs ad the effort that should be
mede, during the design concept and design phases, to
design for lover operational costs both for Space Station
ad future Lanch Vehicles.

2.7

COST DATA

Problem

*

Cost data are presented to Congress in many different
Tomats which mekes it almst impossible for direct
canparisans.

Solutian

*

Oorgressional Budget Office should develop standard
formts for Space Program budgets with fixed definitions

so that omsistent comparisons can be directly made.
Brphasis should be an Life Cycle Costs.

Banple

*

what is the cost of a Suttle flight? $28M, $4M, S/M,
SI0M, $106M, S150M, S25BM, S7M, or §7. The ansver
depends on meny factors. How many flights? full costs?
mrginal costs? short-rn? longnn?  fieed costs
inclided? amrtization of facilitles? amrtization of
vehicles? amrtization of GE? copetitive pricing?
ependehles included? refurbishment? MNASA overhead?
Flight Operatins? FRange supart? emergency landing
sites? etc., etc.? What year $5?

28

REVITALIZATION

Problen

*

The Life Cycle Cost of goverrment Space (fram
concept  through the operatianal life) is tant ad
vasteful. The actml oost often eweeds the early
estimates by as mxch as an order of megni tude.

Solution

*

Revitalize aur approach to Space Systems development by:

+ Implement incremental development approaches.

+ Poomsging or mandating "dark works"  type
development teams.

+ Simplifying system specifications.

+ Fostering comercial-type approaches to military
systams development.

10
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28 REVITALIZATION (CONT.)

All of the above will terd to result in less costly development
progrars  which wi]lal]wboﬁl—gwa:mta’dcmtracmts to
behave more like comercial entities. Implementation
reqires aulture changes, mtjlstrwreg\ﬂatiascr reviews
— difficult, but can we afford not to txy?

Banple

* The Swuttle Program, vhich has doe none of the abowe,
has progressed costwise to greater than an
order-of-magnitude higher then initially estimated.

1972 Estimate 1985 Actual
(975/18%) 6C )
Cost per Flight $10.44/29. M NN
Cost per Poud S160V474 S5484
(in LRD)
29 VEHICLE/GSE MODIFICATIONS
Problen

* Dsim agencles force non-mendatory modifications an KC

by using a mndatory designation with frequent schedule
ad cost impact.

Solution

*  Inforce tght definition of mandatory mds throgh H)
progran  ontrol and/or allow Ground Operations to charge
back modification costs to the responsible Design
Agencies,

Modifications at the lamch site mist be uder the
schedule ad fiscal ocntrol of Groud Operations
mEnegement.

Barple

* Mendatory mods often get deferred flight-after-flight if
they would seriausly impact the lanch schedule, thus
proving that they are highly desirable — mtna’datory.

2.10 TRAINING/CERTIFICATION/DISCIPLINE
Problem

*  The results of the Challenger (51-L) investigation by
MSA and the Presidential Comission generally showed
that while adequate procedures existed for all aspects of
vehicle processing — there were nmerous cases of
inadeqate training of persomel in the use of these
procedures, and inedequate management discipline in
asaring persamel copliance with these eldftirg

Manogement Notes



210 TRAINING/CERTIFICATION/DISCIPLINE

Solutin

*

Ada;ate mogeEnt  amlysis ad planing to  determine

soft areas vhere procedures are mot followed; training
instituted to assure understading;  certification
established to identify up-to-date understanding of
critical procedmes; and maEnagement enforcement (with
teeth) to assure the necessary discipline.

Barple

*

Fram the 51-L Findings, "of appradmately 5000
doaments evaluated, a very large percentage were found
to be in correctly emcuted. The discrepancies are
generally minor in nature such as inoorrect signatures,
missing signatures, lack of QC, incomplete for closure,
etc. However, these discrepancies point to a problem
imolving lack of discipline ad educatin o
procedires and requirements. We need to initiate an

across -the-board training program to educate persamel
at all lewls on WAD preparatians,

processing,
verification, and closure. The SPT (Standard Practice
Instructians), the guide for preparing and pe:fom:hg
paperwork, needs to be reevaluated, ungraded
necessary, then enforced. Attmtimtodetaﬂmstbe

reamphasized. "

Fran the 51-L Findings, main propulsion review teem,
"eage of test and chedwut equipment and tedrdqns
training of engineering ad tedmician persamel in the
operation of test equipment is critical to the
operatiomal efficiey and safety of whicle ad GE

. Mandatory training should be required in
the wse of equipment and the performence of critical
sdlls.

211 QUALITY ASSURANCE

Problan

*

Qulity Assraxe places ephasis an inspectin. As a
result of the Challenger loss ad the Presidential
Comission Report, Program manegement has amplified this
problen by increased menpower and efforts to inspect
quality into the product. American industry, led by
Japen’s  implementation of Deming’s methods, is begiming
to uderstand that inspection is ot anly costly, but
also ineffective.

lack of disci in following established procedure;
lack of tion for the serious ocmsequence
potential.

12

(CONT.)
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211 QUALITY ASSURANCE (CONT.)
Mansgement Notes

Solution

*  New systems design should place emphasis an computerized,
self-check verification for electrical systems ad

systens.

. Management and workers must be be trained and led into
a total quality program (a la Deming - see Appendix
6.2). The Deming approach is not to autamte quality
verification, but instead to build quality into the
product and pramwte quality workmenship to  eliminate
the need for oconstant inspection. This would require
a mjor change in aulture as well as Mil-standards but
nesds to be dane.

212 ROBUSTNESS VERSUS OVERDESIGN
Problem

* Iack of robustness has led to increased Operations ad
Life Qycle Costs.

Solution

* Design should allow for consistent operation well below
design limits. This will exted operatiomal life,
minimize maintenance, and allow for efficient missim

epansion.

Eanple

* SIE design is maginal rather then robust. SE’'s
operate at 104Y of nominal at during flight. This
significantly decresses reliability ad increases
maintenance and overhaul time ad cost.

213 DATABASE INTERCHANGE STRUCTURE
Problem

*  No ocomn databese interchange structure exists for
design criteria, design data, meufacturing data,
reliability data, QA data trails and closeout, operations
& maintenance procedres, requirements satisfaction.
This has led o gross duplication, amissias,
inefficiencies, ad exrors.

13



213 DATABASE INTERCHANGE STRUCTURE

Solution

*

Implement Unified Life Cycle Engineering (ULCE) system to
provide birth-to-death unified data intercharge, and
eforce total use of MIL-SID-18404 throughout all system

development and operational phases.

part of UL(E; also provide for risk menogement,

tion control, missiov/range support, flight
readiness reviews, resolution of in-flight anomlies,
etc.

Bample

*

There is little or no data interchange capability between
amrent SIS design ad opaatios databases.

234 LAUNCH AND MISSION CONTROL CENTERS

STS design requires large mumbers of support persomel in
Lanch and Mission Control Genters.

Flight crews do rot have adequate input into design and
operations criteria.

During Shuttle definition and development, there was an
attempt to place the crew in the operational command
loop; however, the total Mission Control Genter concept
wn aut.

Solution

With futwe mamed wehicle design headed tovards
av-board, "Crewin-Comand", autonoy to lower
Operational Costs, flight crew menbers should be included
in design/uild teams for hardvare and softvare systems
involving:  Preflight Systems Chedk; Countdown; Asoent
Flight Omtrol; Orbit Insertion; Orbit Menagement

Maagement  (including Anomalies);
Mission Comand; Mission System Maegerent and
Operatin;  Orbit Manewver; Mission Replaming; Earth
Retum Fnergy Maregement and Flight Gmntrol.

215 KBY PERSONNEL SHORTAGES

Problem

*

labor intensive operations cause key persamel shortages
during extended critical lanch operations.

14
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235 KEY PERSONNEL SHORTAGES (CONT.)

*

Unreasaneble overtime requirements as a safety issue is
uderscored by the variety of accidents ad incidents
associated with Suttle processing in recent years. This
extensive overtime is a tradeoff between the desire keep

o duty those persamel with the greatest eqertise and

the need to guard against the undesirable effects of

fatigue.

Plaming for surge capability needs to oonsider the fact
that arganizations are sized so that overtime is a part

of nooml operations. This means that to surge by a
factor of 1.5 to 2.0 is not possible. New persamel

without launch operatians experience will be hired with

an impact on both quality and reliability.

Solution

*

Comprehensive test autamtion to reduce requirement for
key persamel and the extended time requirements for
testing.

Exanple

*

One potentially catastrophic humn error ocamred 4
mirutes, 55 seconds before the scheduled lanch of 61-C
o 1/6/86. according to a LSOC incident report, 18,0008
of K were inadvertently drained from the ET due to
operator error. Fortunately, the LOX flow dropped the
main engine inlet temp below the acoeptable limit causing
a lanch hold, but anly 31 seconds befare liftoff. The
investigation revealed that console operatars in the I(C
had misinterpreted system messages resulting fram a
falled microswitch an a replenisment valwe; the
operators had been on duty at the console for eleven
hours during the third day of workdng 12-hour night (8pm
to 8am) shifts.

216 DESIGN PRIORITIES

Problem

*

Priority is a compromise betwesn petformance,
ty, tainability, weight, space restrictiams,
safety, oost, schedule, etc. Up-frmnt costs ad

performance have had the top priority.
Operational and logistics inefficiencies result from lack

of priority ad lack of knowledge of operationel
reqdrenents by those respasible dring the design

15
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2.16

DPRSIGN PRIORITIES (CONT.)

Solution

*

Progran  management mst reprioritize these factors in
the future to recognize Life Gycle Costs as the driving
factor ad the significance of Operations Costs as  the
major driver.

Simplicity in design can lead to the most efficient,
fledble, relishle, and cost effective solutions ad
needs to be stressel as ae of the highest design
priorities.

Begiming with the oonceptual design phase, specific
aphasis should be placad an acoessibilty for
mintenance, test automtion, standardization of parts,
modularity, redundancy, and asset interchangeability.

The design/build tesm should have strang  representation
from the logistics/mintainability areas with the pover
to mmitor ad meke charges to design, omtracts,
develoment, and verification efforts.

Berple

2.17

The arrent Shuttle vehicle could never be an operational
vehicle without mjor hlock modifications to incorporate
mintainability provisions in each system. Lack of
self-test capability, commonality, and accessability are
typical of its shortcomings.

CANNIBALIZATION

Problem

*

Spare parts provisioning is yet another illustration that
the Suttle Program vas not prepared for an  operatiomal
schedile. The oconscious decision vas made to  postpane
spare parts proowrenents in favor of budget items of

perceived higher priority. The policy proved to be
ted ad has led to the inefficiencies of

camibalization to support the flight rate.

Solution

*

Accept the necessary up-front costs of adequate spares
in order to redue Life Crcle Costs with
move efficient operations.

16
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217 CANNIBALIZATION (CONT.)

Exnple

*

Fran the Challenger Presidential Commission Report, "The
logistics support for 51-L groud processing was
inadequate, since it created a need to remwe parts fram
other arbiters to continue 51-L operatians. For 51-L, 45
ait of approdimately X0 required parts were
canibalized. These perts ranged from bolts to an OGS
T actuator ad a fuel cell. The significance to
operations of camibalization is that it creates (1)
significantly increased efforts to acoamplish the same
wak de to mltiple installation ad retest
reqdrements, (2) schedule disruption due to added work
ad nommally later part availability, axd (3) arbiter
damge potential due to increased physical activity in
the whicles. These efforts mke camibalization

operationally unaccep A

218 COMMONALITY

Problen

*

Cost-effective comonality opportinities have not been

Scrapping exsting systems to justify and provide funds
for new development; i.e., Satum V and Shuttle.

Solution

Mggement must remin vigilant for cost-effective
comoality opportunities which can be implemented
top-down.

Use hudlding block growth prograns to mindmize need for
qulification and flight testing. Subsysters ad
tedmologies already proven in similar applications
should be oonsidered for direct use or mdification to
erhance cost-effectiveness ad reliability.

Wherever possible, management should elect to design ad
qualify changes to the highest ewiraments that might be

eperienced with the next several projected growth
Miniml cost is inomred in the over-design

charges.

that results, and greater confidence is generated for
early users becamse unswally high margins exist. The
systems, designed and qualified for future growth, do mot
then need to be requalified when the next growth dhange
ocars. This prior qualification minimizes the cost of
the new change ad reduces the mpgnitude of the unknon
risks.

17
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218 COMMONALITY (CONT.)

Barple

*

The Delta Program [rovides some cost-effective
tedniques:  Building block approach vherely subsystems
ad tedrologies already proven by prior use in similar
aplications vere incorporated.  Items utilized in
various mamed & umaned space prograns were tailored to
fit arrent LV reqirements. The USAF-developed strap-an
mwtes for Thor were adapted. The NASA Surveyor
retro-mtor and USAF Fé4 motor vere used as the Delta 3rd
stage. The Apollo LEM descent engine thrust chamber vas
incorporated into the Delta 2nd stage. These "borroved”
systems keep costs down and mexdmize reliability.

219 PROCUREMENT

Problem

*

Sirgle yesr proawements add significantly to procurement
m.

Proarennt of mjor subsystens through prime contractors
increases subsystem costs. Coversely, prime ocontracts
that specify GE severely limit prime contractor ability
to achdeve an overall cost effective design.

Procwements which provide detailed systew/subsystem
specifications in place of, or in additin to, end
product  performence specificatians limit the prime
omntractor’s capebility to be imovative ad cost
effective.

Solution

Use multi-year proowemEnt whenever possible — comiit to
larger quantities to lower acquisition costs.

Direct by of major systems, such as engines, by the
t to eliminate miltiple feead G & A, only

where it does mot limit the prim contractors

prercgatives to be imovative and cost effective.

ngzan]evelspeciﬂcatiassinﬂdbe&idnpedmlyﬁor
the top level of end product performance and inclide
profit incentives.

Make maximm use of commomality.

Banple

ok

The Lunar Orbiter ves a highly successful program that
used only program level  specificatins in the
procuremant.

18
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220" FUNDING PEAKS

Problem

*

Overlapping vehicle program  developments  cause
ureasarebile funding pesks.

Solution

*

Force elimimation of similar program development by
different goverrment departments (i.e., NASA, AIR RKRE).

Eanple

*

Shuttle C and ALS

221 MANIFEST CHANGES

Problem

* Downstrean mandfest can saturate facilities and
persamel . strain an resources can be
tremendous.

Solution

*

Tight control an manifest changes.

Banple

*

For short periods of two to three mmths in mid-1985 and
early 1986, Suttle facilities and persamel were being
reqired to perform at royghly twice the budgeted flight
rate. If a change ocorrs late enough, it will have an
impact on the serial processes. In these cases,
additioml resources will not alleviate the problem, and
the effect of the change is absorbed by all downstream
processes, and ultimately by the last element in the
chain.

According to Astranaut Hery Hartsfield: "Had we not had
the accident, we were going to be up against a wall; SIS
61-H .... would have had to average 31 hars in the
similator to accomplish their required training, and SIS
61-K would have to average 33 hars. That is ridiculous.
For the first time, sumehody was going to stand up ad
say we have got to slip the lamch becasse we are not
going to have the crew trained."

19
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3.0 SYSTEMS ENGINEERING CHECKLISTS
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SYSTEMS ENGINEERING CHECKLISTS

w .
.
(=

Automation

Autonomy

Change Control / Configuration Management
Growth

Hazardous Operations
Interfaces
Maintainability
Operations Cost
Payloads/Cargo
Processing Time Drivers
Reliability

OO

WWwwwwwwwwww
-0

NOTE: When using these Systems Engineering Checklists, please keep the
following in mind:
* All items are not pertinent to every system.
* Some items are contradictory. For example, an item may be
applicable to a near-term design but not be desirable for a

more advanced design.

*  Some items represent better solutions than others.

23
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31 AUTOMATION CHECKL

SYSTEM:

SUBASSEMBLY:

ENGINEER:

ORGANIZATION/DESIGN BUILD TEAM:

IST

Automate to avoid perceptual saturation.
Mutamte to reduce conaxrent tasks.

Autamate tasks on compressed timelines.
Automate to avoid human bendwidth limd tations.
Automate routine tasks.

Automate memorization tasks.

Automate sequential and time tasks.

Atamte monitaring tasks.

Autamte time oonsuning, boring, or umotivating tasks.

Automate emergency-prevention devices.

Automate complex mathematical or logical tasks.
Antomte complex tasks that must be perfommed rapidly.
Automate to enhance system reliability.

Artomte safety endangering tasks.

Artomate systems vith consideration to crew acceptance.

Create softvare capable of decision meking and
self control.

Provide ground computer problem flagging and
resolution instructians.

Design systems to be self supporting (not groud
deperdent).

Yystems should have capability of being powered
up/dovn autematically under softvare control versus

codkpi t/panel switches.

Design self-diagnosis into systems vhich identify
system degradation as well as hard failures.

Computer system should be designed for autonomous
fault isolation to IRU level.

Mutamte Time/Cycle flags.

Redundant systems should have built-in self

checking capability. 25
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31 AUTOMATION CHECKLIST (CONT.)

Automatic oontrol limits should be based an
measurements of the critical condition, not an
an intermediate camputation.

reduction of mrhours required for testing and fault
isplation. This shauld not be considered an the basis

of bad past eperience, but with the latest technology
which almst eliminates false alanms.

Use of off-the-shelf equipment limits the amant of
autamtion vhich can be inocorporated into system design.

Design (RS with budlt-in diagnostic capability to
facilitate fault isolation.

Omsider maual override capability for all automtic
omtrol functions to aid dhedkout and troubleshooting.
Use self-testing IRV's to avoid the requirement of
chedwut following changeout.

Barcode all IRF's across all GSE and wehicle test
eqipment to allov astamted inventory ad configuration
ocontrol.

To save cost of a high-fidelity modap at design agency,

use UL(E capabilities to assure form, fit, ad functin
prior to installation in flight vehicle.

26

| APPLICABLE|
N




3.2 AUTONOMY CHECKLIST

SYSTEM:

SUBASSEMBLY:

ENGINEER:

ORGANIZATION/DESIGN BUILD TEAM:

REMARKS

1. Autonamus functians to be capable of being separately
enabled, disabled, or updated under the supervisory
control of ground controllers and/or flight crew.

2. Qorent sersor data and autonamy-related operational
status information should be maintained and made

availahle upan request through memry readout to
groud and anboard operators.

3. M audit trail of pertinent autonamus activities and
resultant state changes should be stored and available
for readout to ground controllers or flight crew
members upan request. -

4. Source of control should be transparent to the user
vhether fram anboard machine autonamy, the flight crew,
or graxd ontrollers.

5. Test validation required for perfoming maintenance

finctions should be accomplished in parallel with
normal gperations an a noninterference basis.

6. Ay namecoverable fault associated with autonamus
operations should result in a fail-operational and/or
fail-safe mode.

7. Automated fault diagnosis, isolation, and recovery
of may deterministic fault conditions should
significantly erhance crew safety.

8. Self-test design features should be incorporated into
both the hardware and software of the autonomus

system to ensure proper operation even in the presence
of intermal faults.

9. Software health and maintenance algorithms should be
designed to perform adequate diagnostics and verifi-
cation prior to issuing warmings and hardware recon-
figuration camands so that the ocourrence of false
alamms and "trial ad erroc redundent element
svitching are the exeption rather then the rule.

10. Transient errors such as transducer glitches, bit
errors, ete., should be acoomodated by the autan-
amus systen design such that they are transparent
to the finctional operation and configuration.

27




3.2 AUTONOMY CHECKLIST (CONT.)

14.

<
.
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Implementation of autanony design features should not
introduce ay single-point failires or significantly
degrade reliability.

Significant increases in cycling and stress of
functioal elements resulting in decreased reliability

should not be required by autonany inplementation.
There should be a rigorous eanmination of all fault
diagnosis thresholds in the context of the expected
ad actual mission evirament.

The autonamus system design should not effect changes
in a state of operation that are not reversible.

The autonany System design should provide protection
from erroneous oomands fram all humen or machine
SOUrces.

Systens should have the capability of being povered
yv/down autamtically under software control versus
codqit/panel switches.

"Crew-in-Comend" preflight system check.
"Cres-in-Command” ascent flight control.
"Crew-in-Comend” orbit insertion.

"Cress-in-Command” orbit menagement.

"Crew-in-Comand  systen/oonsumables menagement
(inchiding anomalies).

"Crew-in-Commend” mission command.

"Crew—in-Commend” mission system mgmt. and operation.
"Crew-in-Comend” orbit meneuvers.

"Crew—in-Commend” mission replaming.

"Crew-in-Camend” earth retumn enexgy mgmt. and flight
control.

Ih:sdammﬁe!ﬂsim(knud(hte:(lm)dnﬂd
minimized for ground-based camputations and data to
support navigation, mnawvering, sortie operatians,
decrbit & entry targeting, & mlfinction diagnosis.

Essential systems should be campletely independent of
other systems and subsystens.

Design the vehicle with meximm independence of GSE.
Avoid the need to mix User data with vehicle or space
station "upkeep” data, thus eliminating the constant
need to reallocate link, bendwidth, and aress.

28
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3.2 AUTONOMY CHECKLIST (CONT.)

|

. Provide standalone capability of Range Safety chedwut
systens.

. Individml subroutines, modules and padages should be

isolatable ad reinstallable with total transparency so
algoritims can be corrected, improved, or changed
without bulk processing.

. Avoid requirements for miltiple switching operations to

accarplish a single systen mde charge.

. Avoid systems that are tied together so that the failure

of ane system and the subsequent replacement of parts,
require the retest of other systems.
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/ CONFIGURATION

3.3 CHAN L
HECKLIST

GE CONTRO
ANAGEMENT C
SYSTEM: _

SUBASSEMBLY:
ENGINEER:

ORGANIZATION/DESIGN BUILD TEAM:

| APPLICABLE|
N

1. (hange control system should be designed for the lag
term user and not the ane-time designer/budlder.

2. There shauld be a single program code identification or
cmntrol nunber for changes.

3. Mudifications at the lanch site mist be under the
omntrol of the Lanch Operations crganization.

4. Referaxe designators should be of a oonstant format
across all program elements (omtractors).

5. Ay mdification of a contractar or goverrment
fumnished equipment should be clearly identified on

the drawving axd the part.

6. Fnsure that all repairable IR)'s and their components
are identified as such.

7. Drawing change control and release system should be

designed for the long range user ad not the
ne-time designer/hudlder.

8. Maufacturing drawings shall be prchased for all
assablies.

9. Bngineering drawings and schemtics atain comlete
systais.

10. Drawing and part mmbering should be logical ad
sequential using a standardized format and designation.

1. Ay mdification of contractor ar govermment-fomished
should be clearly identified an the part and drawing.

12. Enforce a standardized drawing and part mnber system an
all ontractor and govertment firmdshed equipment.

13. All drawings nust be updated to match final hardware.

14. Modification of the parts of ane contractor by a secod
cntractor should be clearly defined on drawing.

15. Avoid the vendor-controlled drawing cancept when dealing
with copaents.

16. Provide updated drawing and estahlish configuration
cmtrol when modifying old facilities.

31
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3.3 CHANGE CONTROL / CONFIGURATION

17.

MANAGEMENT CHECKLIST (ON.)

Maintain configuration control dooumentation showing
arrent approved location of units.

Do not generate mds on Separate drawings, but rather
incorporate on basic drawing.

Provide single point listing of configuration
docaments.

Take care vith comonality anong software components.
Too mxch commality can cause problems wvith future
chenges and mdifications. Tools are needed to trace
oampanent links and data exchanges.

Include a logistics representative on the design team
to continally address the problems of standardization,
ease of mintenance, and accessibility.

Be aware of the potential of flight software over-
vriting contdown softvare.

M astamated system mst be developed to provide an
audit trail of chenging mission requirements, support
capabilities and Range commitments. The Rarge
Universal Doamentation Systen (UDS) and the NASA
system must be campatible for data exchange.

A maintainability representative should sit an the
change boards with status equal to engineering and
financial representatives.

The number of different coordinate systens should be
minimized and controlled.

32
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3.4 GROWTH CHECKLTIST

SYSTEM: _
SUBASSERBLY:

ENGINEER:

ORGANIZATION/DESIGN BUILD TEAN:

TAPRLICRE]

1. Design avirament to accommodate comercial and
off-the-shelf tedmolagy.

2. Incorporate standard interfaces. e

3. Design for ease of assanbly and sexvicing.

4. Design for ease of identification and accessiblity.

S. Design ﬁtraltamyofmrtimchtemﬂxdstic operations.

6. Design an evoluticnary computer system archi tecture.

7. Incorporate CAD/CAE f:tacmmndadxg artificial
intelligence and robotics tedmology.

8. Increased 1ift capability is required for: alding
autonanous checkout subsystans; increasing redundancy;
increasing safety; and containerized peyloads.

9. Modularize for growth axd reduced cost.

10. Design ad qualify changes to the highest ewiraments
that might be experienced with the next several
projected growth changes. Minimal cost is incurred in
the overdesign; confidence is generated for early users;
ad the systems do not require requalification for the
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3.5 BAZARDOUS

SYSTEM:

SUBASSEMBLY:

ENGINEER:

ORGANIZATTON/DESIGN BUILD TEAM:

1.

2.

OPERATIONS

CHECKLIST

Ordnence operations must be absolutely minimized and
preferably eliminated from the processing flow.

Todc mterials should be eliminated or controlled by
sysﬂanomtai:u‘lzatimtoacmnmdat:ea;ﬂp:mtdu@—
out without evacmtion of surrounding area.

Systatsmstbedesign‘lwlﬂlsxfﬁcimtsfewﬁcta:s
so that persamel access is not restricted vhen the

system is at full flight pressure.

Facility locations for hazardous materials & operatians
mst be such that plamed activities do not preclude
nommel operatians in adjacent facilities.

Use comodities that do not require deservicing.
Use lesk path self-sealing systers.

Include isolation valves for fluid systems.
Minimize hazardous system interfaces.

Eliminate hezardous material storsge requirements.

Provide camputer database that shows hazardous operation
clearance criteria. List hazardous activity compliance.

Payloads and/or their propulsive stages wiich require
vehicle changes should receive special safety enphasis
reviews in addition to the normal configuration change
formality.

medium. Modest decrease in contamination potential
does mot justify the risk of large-volume inert purges.

Systems designed for emergency action should be simple
to opexate and have rapid response. Operation, controls,
color coding, etc., should all be standardized to allow
safe, rapid operation.

Control penels should not be located in mjor crew
traffic routes. If located in heavy traffic area,
bup-proof svitch guards should be incorporated.

Ctnwte:softvarevedﬂcatimswtenmstbeoflﬁdast
quality to awoid subtle influences and saurces of error
generated by even smll charges an oe part of a
program an aother.
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3.

4.
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E & B B

3.6 INTERTFACE CHECKLIST

SYSTEM:

SUBASSEMBLY:

ENGINEER:

ORGANIZATION/DESIGN BUILD TEAM:

Enforce common interface mating hardware and interfaces
camm to all payloads.

Minimize mating finctions.

For mting functions, minimize shimming and mmbexr of
bolts, and assure free access.

Eliminate requirement for closeout latching.
Design interfaces for self-aligment and automate.
Eliminate unbilicals where possible.

Eliminate hardwire data and control links through use
of optical links between vehicle and GSE.

Capability for prelanch verification without unhilicals

If wbilical is absolutely necessary, it should be at
base of vehicle with liftoff discomect.

Payload testing should be entirely offline.
Payloeds should be atonamus from Jauch vehicle.
Minimize miltiple diameter stages.

Establish comon hendling attach point approach for

all vehicle segments to eliminate special hendling
equiprent.

There needs to be an audit trall capahility estahlished
for changing mission requirements, support capahilities,
and range comd tuents.

Provide for Q D filter element inspection at interfaces.

Gnd&rﬂmpstanxhynqdnmmm.
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3.

7 MAINTAINABILITY CH

SYSTEM:

SUBASSEMBLY:

ENGINEER:

ORGANIZATTON/DESIGN BUILD TEAM:

1,

5.

7.
8.

14.

ECKLIST

Accessibility mst be stressed to ensure capability
for on-orbit maintenance.

Protective covers mst be used in aress that experience
heavy persomel traffic.

Do not require remval of an IRU to access another
since this requires retest.

Avoid unique designs just for the prpose of inter-
chargeshility.

Fludd 1lines mst be designed with optimm protection.
Quick repair patch kits are also required.

Comector designs are required which eliminate bent
pins to eliminate orbiter down time from this camse.

Improve maintainehility through use of service perels.

(btain camprehensive vendor maintenance instructions
during the production run.

Design such that inaccessible hardvare will ot require
recnfiguration.

. Give emphasis to sexrvicing operations in the design

of hardware interfaces.

Protective covers should be colored red or marked
"fragile" in high traffic areas.

. Develop standard procedures across all sub-systens for

maintenence ad retest.

. Provide a defined maintainebility design criteria at

the inception of the progran and a strang design review
board to mondtor adherence to these criteria.

Standardize the type and location of camectors for
ease of maintenance.

. Design system to enahle fuse changeout or circuit

bresker reset without disturbing system integrity.

. Inchude a logistics representative on the design team

to contirually address the problems of standardization,
ease of maintenance, and accessibility.

|APPLICAHLE|
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3.7 MAINTAINABILITY CHECKLIST (CONT.)

[APPLICRRLE|
IN

17. Standardize patch cable configuration to prevent
umecessary cable comects/discamects during vehicle
processing.

18. Long-term space awirament with pressurization\de-
pressurization of npdules may result in fit problens if
panels/doors are integral part of stnuctural integrity.

19. Design self-diagnosis into systems which identifies
system degradation as well as hard failures.

0. Maintenance procedures should be programed into a
datahase that inchudes traubleshooting , LRU and retest

procedures for all subsystems.

21. Engineering/dreving change ontrol and release system
should be designed to service all users — not just the
designer. U(E is a solution to this problem.

22. Yystem elements should be centralized in order to
facilitate maintenance/traubleshooting/IRJ changeaut.

23. Systems must be modularized for rapid replacement with
simple interfaces between replaceable modules.

24, Rapid changeout capahility for IRV's.

25, Post changeout IRU verifications should be mindmized
or eliminated.

%. Avoid unique parts requiring unique sdlls.

27. Comn comectors and good access redundancy an pover

28. Design of operation controls and displays shauld be
standaxdized. S

29. Stress cammality of coppments throughout systems.

30. IRU chargeout should not compromise the integrity of
systems of which it is not a part.

31. Design system to emable printed cirart board changeout
without removing (RU from system in order to minimize
retest.

. Utilize desdface svitches that will allov (RU chargeaut
wvithout extensive power-downs.

B.@despamﬂ’mué:vd‘ddemdnptomﬁﬂl
compatibility.
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3. OPERATIONS CHECKLIST

SYSTEM:

SUBASSEMBLY:

ENGINEER:

ORGANIZATION/DESIGN BUILD TEAM

TAPPLICABLET

1. Qudk-chage subsystems and main engines if possible
with 100 accessibility to critical components.

2. Standardized interfaces and parts with priocity to high
reliahility, standard, off-the-shelf compaents.

3. Component replacement rather repair in an-line
integration flow.

4. Standardized payload canister/shroud interfaces to core
stage with automated/robotic shroud comections and no
shrad separation pyrotedmics.

5. Reduce nunber of large element attadments.

o

Design simple attach mechenisms not requiring precise
aligrment.

Develop self-aligment and auto mate/demate interfaces.

Design for rapid mount and comectian.

Growp IRV's together in readily accessible compertments.

Develop high relishility IRV's to minimize redundancy.

BE B v ®» N

All weather lanch and recovery capehility is required
to shorten ground processing times.

S

Develop auto mate/demate vith remte integrity/mondtor
and self-check capability.

13. Eliminate T-0 discamects; design for all discomects
to be removed and seaured T-5min or earlier.

14. Eliminate the need for hands-on inspection of umbilical
camection.

15. Design unbilical interfaces at the base of the vehicle
ad eliminate special access equipment.

16. Self-supporting structure without intemal
pressurization during transport and erectian.

17. Single point pover interface to core stage for all
vehicle to reduce hazardous operations.

18. Integrated or plug-in G automated final chedwut &
lanch systemn.
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38 OPERATIONS CHECKLIST (CONT.)

B8

Improved adverse weather capahility: minimize impact
of weather and other lanch aanstraints inchding fog,
wind shear, thermal inversians, temperature, humidity,

dowrange intrusian, etc.
Minimize dowrange travel of engine recovery module.

Non-taxdc liquid propellants.

22. Minimize rumber of propellants used for stages and

® B ® B

N

other applications.
Design for automated lesk detection.

Develop lesk self-healing tedmology.
Mindmize fluid interfaces and potential lesk paths.

Develop actuators that do not require testing,
servicing, ad flight preps.

Utilize propulsion systems that do not require offload
and servicing of propellant systems after each flight.

Frploy propulsiaypropellant systems that do not
require startup prior to final lamch sequence.

Eliminate use of solid propellants ad pyrotedmic
devices to reduce hazardous operations. Replace
an-board Rarge Safety ordnance with ground-based
SX-type destruct system.

A system must be devisad to identify orbiter/payload
interface problems/delays before they become a field
amstraint.

Fud maintainabd1ity/accessibility up-frant to
significantly reduce later operations costs.

Recovery of reusable hardware at the lanch site mather
then remote land or sea location provides a savings in

ground operations cost.

Provide sufficient AR tank capacities to allow for
lanch delays.

39
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- 3.9 PAYLOADS/CARGDO CBECKLTIST

19.

. Rigorous controls should be placed on cargo mandfest

. Payloads and/or their propulsive stages which require

. Avoid corplex and critical peyloads which require

. Standardize electrical and attach point fittings/devices
. Eliminate or minimize active heating rejection

. Avoid special attitude and thermal oonstraints.

. Segregate vehicle/payload commnications equdpment.
. Use separate camputer for payload interface.

. Provide self-contained power and cooling capability

SYSTEM: _
SUBASSEMBLY :

ENGINEER:

ORGANIZATION/DESIGN BUILD TEAM:

TAPPLICARLE]

Wherever possible, provide self-sufficient payloads to
minindze interfaces with vehicle.

Minimize the nuber of interface camectors.

Incorporate standard interface formatting into upper
stage or lanch vehicle.

Modularize for growth and reduced cost.

Place critical or low mean-time-to-failure in areas
which are readily accessible.

Empaﬂanea'weba@aﬂlocalpmmmne
demends an facilities.

Design payloads to be campatible with all lanch
vehicles within an architecture.

Develop payload design standards.

Enforce common interface mating hardware and interfaces
ocomm to all payloads.

changes to limit the pressures such changes exrt an
schedules ad crew training.

wvehicle changes should receive special safety emphasis
reviess in additdon to the nommal configuration change
formality.

wvehicle modification.

requirennts vhile in the payload bay.

for payloads.

lbegn‘icdou:mtatimhostxealﬂimin@adm‘l
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39 PAYLOADS/CARGO CHECKLIST (CONT.)

2.

N

Accamodations for payloads should be designed for ease
of installation, removal, and interface verification.

Simplify, minimize, axd standardize interface
requirements between payloads and lanch vehicles.

Simplify mission-to-mission cargo bay reconfiguration
reqirements.

Provide spacecraft/peyload designers with standard
hardware interface definition and standard operations

procedures early in the design cycle.

. Standardize operations for inclination and altitude.
. Standardize flight phases: ascent/proaximity operations/

deployment/spacecraft handling/RMS-Spacecraft separatian
/thermal profiles/rendezvous/entry.

. Standardize spacecraft deployment systems & procedures.
. Standardize mission requirements documentation.
. Standardize payload hardware/operations interface

design requirements for: power, cooling, comend, data,
integration hardware, R4S, dodking mechenisms, and crew
interfaces.

. Standardize spanecmft sexvicing finctians, interfaces,

ad procedires.

Provide minimm ad standard flight and ground crew
similation and training based an: standard flight
profiles/phases; standard spacecraft interfaces and
operations procediures.

Provide cargo mix flexibility by standard payload
interfaces, operations procedures, and accommdation
allocation.
Standardize GE and ASE at all locatians.

Standardize payload consumebles.

. Use dedicated P/ telemetry system to reduce impact an

vehicle TM softvare and inflight configuration.

. P/L software separate and modularized to avoid

revalidation of vehicle software.

. Comon P/L commerd & data bus for multiple payloads to

reduce overall support.

42
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39 PAYLOADS/CARGO CHECKLIST

37. Provide dedicated P/L support avionics to reduce IV
reonfiguration and verification.

38. Provide electrical and fluid interface plates for
payloads,

39. Minimm interfaces between payload and vehicle will
emble clearer boundaries of responsibdlity.

(CONT.)
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1.

B B ®© ® N & U0 &

B8

14.
15.
16.
17.
18.
19.
2.
a.
2.
.

. NON-STANDARD —  Tn-Processing Anamly Resolution Requts
. NIN-STADSD — Structural Inspection Requirements &

310 PROCESSING TIME DRIVERS
CKLIS

SYSTEM: _

SUBASSEMBLY:

ENGINEER:

ORGANIZATION/DESIGN BUILD TEAM:

TAPPLICARLE]
N

SCANDARD — Test Requirements

STANDRD —  Maintenance Requirements

STANDFD — PIB Deconfiguration/Reconfiguration
Requirements

STADARD — PL/Experiment Offload Requirements

STADARD — PIB Clesnliness Requirements

NIN-STANDARD — Viehicle Modification Requirements

NON-STANDARD —  Defexred Work Requirements

NN-STRDARD — Time/Cycle Maintenance Requirements

NIN-STADSFD — InFlight Anamly Resolution Requts.

Resultant Findings Resolution

NON-STANDARD — Mission Performance R/R Requirements

NIN-STANDARD — Kit Installation/Removal Requirements

OIFR — Speres Availahility/Camibalization Requts.

OIHR — Electrical Comector Retest Requirements

OIR — In-Flow Change Requirements

OFER — Real Time (PROD) Work Requirements

OIFR — Anomaly Corrective Action Retest Requts.

OIHR — Safety Requirements/Constraints

OIHR — Facility Anomly Resolution & Qutages

OITHR — Weather Constraints (Pad Operations)

OIHR — late Payload Installation Requirements

OTHR — late P ayload Bay Access Requirements
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4.

5.

7.

3.1 RELIABILITY CHECKLTIST

SYSTEM:

SUBASSEMBLY:

ENGINEER:
ORGANIZATION/DESIGN BUILD TEAM:

S_;stersaﬂompamtsmstbesjm]iﬂedadnggedizad
to reduce failure modes.

Pexrformance margins must be increased & more extensive
qualification testing performed to increase MIBF.

Designs must inclide status mord toring features so that
system health can be easily & quiddy determined.
Perfonmance must be completely mepped as a fimction of
time-in-service so that maintenance and replacement
can be plamed to mininize operational impacts.

SIS experience indicates need for a continuous ground
hot fire test program with multiple engines that
demmstrate operational time far in excess of fleet
leader,

Rigid manting of vertical gyros in high vibration
locations has led to failires - Shock munt.

Provide drainege at lowest point in hollow structures
to prevent corrosion or freezing stress.

Lanch vehicles must be designed with very large
pexrfomance margins and system redundancy:

. To allov operation vell vithin design mrgins.
. To ensure mission comiletion despite hardvere failure,

45;
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4.0 TECHNOLOGY CHECKLISTS
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4.0 TECHNOLOGY CHECKLISTS

Technology Risk Index Scale
Aerothermodynamics
Automation & Robotics

B
W N =

4.3.1 General

4.3.2 Anomaly Resolution Expert Systems
4.3.3 Mission Control Expert Systems
4.3.4 Space Station Systems

4 Avionics

5 Power

6 Propulsion

7 Structures & Materials
8 Other

NOTE: When using these New Technology Checklists, please keep the following
in mind:

* The cryptic technology description is intended only as a
clue that this "technology" is, at the least, being
considered for development. There are some duplicate
technology descriptions with different terminology.

* The risk index column should be completed based on the
definitions given at the beginning of this Section and your
own technology and status investigation.

* Technology that increases complexity or hazards increases
Life Cycle Cost.

49
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4.1

Index

TECHNOLOGY RISK INDEX SCALE

Description

OFF-THE-SHELF

1.
2.

Off the shelf; 1little or no modification to that which is existing.

Off-the-shelf design; each item is fabricated to individual end
specification.

STATE-OF-ART (SOA) WITH PROVEN SOLUTION

3.

4'

Known materials, process, methods, and design techniques; no extension
to SOA; few problems.

Materials, processes, and methods are presently employed but not to such
an extent or magnitude; may be unknown problems in design.

EXTENSION TO THE SOA WHICH REQUIRES DEVELOPMENT

5.

6‘

BEYOND

7.

8.

9.

10.

PAGE__¢
0 lNTENﬂONAkLY BLANK

Materials, processes, or methods have been developed but have not been
used in such an application; there are some unknown problems in design.

Apparent solution based upon analysis and physical investigations such as
pilot models, simple simulations, etc.; additional development 1is
required to confirm; many associated problems, many not known.

S0A

Apparent ' theoretical or empirical solution; no actual physical
confirmation of the solution; would require extensive development;
likely many associated problems, few identified.

Solution looks probable but can only be found with extensive research and
development.

No reason to doubt a solution can be found if enough time and and money
are available.

Unknown materials, processes, and methods; at this time, there is no
indication of a solution to the problem.
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42 AEROTHERMODYNAMICS

* Large Scale Parafoil - Precision Recovery

Aerodynamic Configuration/Aerothermodynemics
(Flow Fluid Amalysis, Experimental Database,
Ascent/Entry Bwirament, Cotrol Configured Design)

*

43 AUTOMATION & ROBOTICS

4.3.1 GENERAL

* Autonomus, n-board Mission Control Expert

*

%*

*

Lanch Control Bxpert
Vehiicle Ground Expert Processing Plamer
Artamated Malfunction Procedure & Safing
Automated Self-Chedkout

Software Production & Maintenance Methods

Software Engineering Brvirament
Softvare Langueges

Rapid Prototyping

AT in Softvare Fngineering
Software Metrics & Measurement

Large Capacity Storage - Optical Disks
Robotic Macroprocessing

Smart Sensors for Robotics & Automation
Computer-aided Manufacturing

Auto Assarhle & Test
Self-Diagnostics/Self Test
Space-Basing

Optical Computing

Large-scale Robotics for Segment Handling,

Staddng, and Mating
Payload Hadling Robotics
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4.3.1

GENERAL (CONT.)

Robotics for Asserbly, Discamects, and Unbilicals
Hypergolic Load/Unload

Cryogenic Load/Unload

MP and Tower Support

Teleoperated Robotic Scamning for Postflight Damge
Assessment

ANOMALY RESOLUTION EXPERT
SYSTEMNS

Smart Built-In Test (Smert BIT)

Smrt Systen Integrated Test (Smart SIT)
Maintenance Fxpert - Box (ME Bax)
Maintenance Expert - System (M System)
Maintenance Expert - Start (M€ Swrt)

futomatic Test Program Generation (ATXG)

Smart Bench

MISSION CONTROL EXPERT

Flight Design(Trajectory, an-arbit,
amntingency plaming)

Vehicle/Cargo Flight Software Design &
Integration

Product Integration Management

Onfiguation for Software &
Documentation Products & Distribution

Softvare Integration & Testing with
Disgnostic Analysis
Interface Testing

Test & Diagnostics for Integration
Verification

Sdndﬂirgnigtxtaxxuoll&, Crew, &
Customer Training
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4.3.3

%*

*

MISSION CONTROL EXPERT
EXPERT SYSTEMS (ONI'D)

Integral and Part Tasks Trainers with Self-Prompt
& Auto-Fvaluation '

Similation Softwvare Development & Test

Classroan Applications for Flight Controllers,
Crew, and Qustaners

Facility & Data Link Scheduling
Prediction of Loss of Signal Times
Satellite System Scheduling

Fault Monitoring

Space Traffic Control Systems
Rescheduling Flight-Critical Operatians
Adaptive QEC System Support

All Subsystem Moni toring & Support

Real-Time Problem Solving, Malfinctian
Procedures Diagnostics

Telenetry Optimization Profiles
Teleretry Data Analysis
™ Trend Analysis & Development
Distribution of ™™ Data

43.4 SPACE STATION SYSTEMS

*

*

%

*

Hybrid Robot/Teleoperator

Adaptive Control

Off-line Robot Programming thru CADVCAM
Tactile Sensors (Arrays, Force Feedback)
Advarced Machine Vision

Mobile Robot Gridance/Mavigation
Advanced Plaming for Robots

Dual Am Robotcs

Dextrous Manipulator
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43.4 SPACE STATION (CONT.)

*

*

*

*

*

Robot Application Modeling by Visual Similation
Diagnostic Expert System

Distributed Corputing

Advanced Data Storage Tedmology

Tntelligent Man/Machine Interfaces

Tntelligent Remte Sensor Tedmology

Energy Management/Advanced Process Gontral
Advanced Fault-Tolerant Disciplines

Advenced Data Display Tedmiques

Fault-tolerant Algorithms

AVIONICS

Automated Self-Check

Vehicle Health Monitoring System
@2/GR Artitude Control System

SR Thrust Vector Control

New Low-Cost Flight Control
Fault-Tolerant & Self-Check/Self-Fealing

Flight Software Cost & Reconfiguration
Time Reduction

Integrated Mission Plaming, Targeting &
Flight Software Development

Expert Yystars

Flight Software Cost Reduction
Advanced Navigation Sensors
Adaptive QEC

Autonomous  Systars

High Landing Acauracy & Qmtrol
Advanced Information Processing

Integrated Avionics System Architecture
(Pave Pillar/VPAFB-AFWAL)
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45 AVIONICS (ONL.)

* Fiber QOptics Sensors for Motion, Displacament,
Fhud Level, Flhid and Flow

* Smrt Sensors

* Application-specific Integrated Circuits (ASIC) to

implenent BIT

45 POVER

4.6

* High Power Density Fuel Qell

* Advanced APU

* Nuxlear

* Regenerative Fuel Cell (RRCS)
* Solid-ccide Fuel Cell  (Honeycanb)
* TPV Ni-2 Battery

* Bipolar Ni-H2 Battery

* Ni-Gd Battery

* Na-S Battery

* Li-So2 Battery

* Li-S0C12 Battery

* Li-TiS2 Battery

* Solar Cells

* Flywheels

* High Tenperature Supercanductors
PROPULSION

* Advanced Reusable L02/1H2 Fgine
* Advanced Reusshle LO2/HC Frgine
*  Advanced Bxpander LOO/IH2 Space Engine
* L00/RPL Methare

Subcooled Propellants

* TImproved Solid Propellants

»
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46 PROPULSION (CONT.)

»*

Tnproved Motor Cases & Linings
Solid Rocket Motor Nozzles
Cryogenic RS

Space-based Service/Maintenance
All Electric Bngine Gontrol
Mass-Produced Expendable Fngines
Variahle Thrust Fngine

Advanced Solid Booster (Low Contaminants, Large

Diameter/lergth, High Specific Inpulse, Nozzleless)

Air Breathirg (Scramjet, Ramjet, Turbo-ramjet;
Air Aigrented, Corbined Gycle)

Hybrid (solid/liquid) Engine
Slush Hydrogen

Jelled Propellants
Dual Fuel Brgine

Electric Propulsion

Laser Sustained Detonation (LD)
Solid Motor OIV

Q2/GR2 Axdliary Propulsion

Curbined Gyele Bngine with Lace-Fan, Rocket,
Alr Liquification & Jet Subsystems

Remwte, On-orbit, Propellant Mgnt. & Transfer

47 STRUCTURES S&MATERIALS

*

*

*

*

Adverse Veather Protection & Operations
D for Aypersonic Heat Transfer

Al-Li Strctural Alloys

SiC/Al Omposite Structural Materdals
Gr/Mg Ouposite Structural Materials
High-Tenperature Alunirum Alloys
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&7

STRUCTURES & MATERIALS

SIC Foam Senvich
Advanced Fiber Blarket TPS (2300F)

Large, Lightveight Tanks

Improved Cryogenic Storage

Large, Lo Cost Expendsble Structure
Advanced Reusable TPS
Flexble Ceramic Blanket TPS

High-Terp, High-Strength Hot Structures
Righ-perfoumance Space Cryo Themal Insulation
Ordered Polymer Resins

Rapid Solidification Mg & Al High Temperature
Structures

Metallic & Ceramic Hot Airfoil Structures
Metal Matrix Composites (MMC)

Thin Carbon-Carbon Hot Structures
Refractary Matrix Composites
Carbon-Carban or Metallic Mesh Aerobxake
Large-Scale Parafoil Tednology

Non-Ordrence Separation & Range Safety Devices
(Clevis/Acceleratian, M, Nitinol and Lasers)

Magnetic Suspension & Balance Systens
Actively Oooled Structures

3D Composites

RSR Beryllium

RR Titanium

(CONT.)
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48 OTHER

*

*

*

*

*

ULCE (Unified Life Grcle Bngineering)
Auto Assenbly & Test

Lanch Site Manufacturing

Fiber Optics

Orbital Servicing/Ops

Autamted Robotic Lay-up Processing for
Composite Materials
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5.0 DESIGNERS CHECKLISTS
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5.0 DESIGNERS CHECKLISTS

Accessibility
Avionics

Breakers and Fuses
Commonality
Connectors
Electrical Powver
Engines

Fasteners
Packaging
Reliability
Safety

Structures
Subassemblies
Support Equipment
Test Equipment
Test Points
Testability
Viring

.

b b jod ped ek ek b ped ped D QD N ON N B DN

[(BRGRV. RV EV. RV RV. RV RC RO RV, RV RV RV RV RV, NV, NV |
O~ WN=RO

NOTE: Vhen using these Designer Checklists, please keep the following in mind:

* If top level SYSTEM ENGINEERING recommendations are followed
using the new technologies, these detailed DESIGN CHECKLISTS
should be, for the most part, simply a checklist of past
problenms.

* All items are not pertinent to every system.

* Some items are contradictory. For example, an item may be
applicable to most designs but not be appropriate for your
specific application.

* While many items appear to be obvious, they’re included 1in
the checklists because designs have these problems in recent
hardware.
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51 ACCESSIBILITY CHECKLIST

SYSTEM:
SUBASSEMBLY:
ENGINEER:
ORGANIZATION/DESIGN BUILD TEAM:

[APPLICARLE]
N

1. Accesses located to facilitate maintenance.

2. Orbital access onsiders zero-G evirament.

3. Access is not hindered by installation.

4. Acoesses allow crew mevbers to see what they are
doing.

5. Visual access is provided where needed.

6. Uncovered accesses employed wherever practical.

7. Access size ad shape appropriate for work to be
perfoimed.

8. Accesses allow for various tasks, clothing,
accessories, tools.

9. EVA accesses allow for operatians and anthropanetry.

10. Frequently accessed units are on slides, hinges,
roll-outs.

11. Direct, quick access is provided to all test ad
service points.

12. es use hinged, sliding, quick-open plates

13. Massive items can be slid out rather then lifted out.

14. Access will not cut persomel, clothing, etc.

15. Guards ad shields protect persamel from
wlm,etc- ’

| 16. Safety interlocks are provided on access to all
hazards.

17. Svwitches can override interlodes if maintenance
requiires wnit an.

18. Each access location uniquely identified for
instruction reference.

19. Labels identify hazards, test or service points behind

65
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51 ACCESSIBILITY CHECKLIST (ON.)

Labels in full view and appropriately placed.

Labels identify equipment/material behind or used at
aceess.

Labels on smll accesses show proper insertion of
tools/spares.

Acoess covers and fasteners confom to preferred types
ad practices.

(RU removal imolves minimm covers, fastenars,
munts, etc.

Accesss doors shall not be load bearing.

Access doors shall be designed keeping attachment
hardware to the minimum required.

Use easily changed "plug-in" printed ciraudt boards
vherever possible.

Keep frequently adjusted components easy to access.

Fta;mdyaenessadpe]smeqﬂdcactimﬁtaas
that are easy to reach.

huddeaﬁidéxtq:acﬁgbehmwmtasmﬂw
wbe@:aq:adeesﬂyﬁormmdrgaﬂdimdxg.

Design equipment so that camponents with high
probability of failure are the most easily accessible.

Avoid stadking of parts. Replaceshle units should be
manted to the chassis rather then to each other.

Provide hendles or bales for removing units of chassis
from enclosures.

Design equipment to permit thorough visual inspection
cfmrﬂsodntohdasfaihnescmbelomba:lqﬂddy.

Vhere practical, provide for maintenance without
the use of tools.

Minimize the need for special tools.

Redindant (R ciraurit breskers, etc., should be
replaceshle with system hot (vhere possible).
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. Eqdpment should be rack-munted width hand-operated

. Equipment remwval frequency should be cansidered when

. Bquipment vith a high renwal frequency should be

. large, bulky, and heavy equipment should be located at

. 'The design should eliminate the need to remve

. Movemnt of hendles, switches, cowls or guards to gain

. The need to obtain access to more then e campartment

. Scoop-proof camectors should be used to provide proper

. On-vehicle mintenance adjustments, aligments, or

5.2 AVIONICS CHECKLIST

SYSTEM:

SUBASSEMBLY:

ENGINEER:
ORGANIZATTON/DESIGN BUILD TEAM:

| APPLICABLE|
N

captive fasteners to hold IRU in place.

locating equipmnent in the wehicle. Access doors,
oovers, latches & fasteners combination should follow
Structures (hecklist in this document.

situated in cavenient locations to facilitate access.

a caverdent height so as not to require stooping,
bending or kneeling for its remwal.

acilliary equipment, such as a munting rack, to effect
remval of a black box unless the mounting rack and

black box are cnsidered as ane assenbly.

access to equipment should be avoided.

. Rear-monted camectors should not require the unit to
be held while it is being camected or discamected.

or area to accorplish the remwal or installation of an
aseanbly should not be required.

. [RJ's should have handles to facilitate removal and

alignment and prevent bending of pins.

calibrations should not be allowed. If these are
required for off-vehicle maintenance, they should not
be accessible with the equipment installed on vehicle.
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5.2 AVIONICS CHECKLIST (ONI.)

14,

17.

'neqﬂptmtdnﬂdﬂmrpaatefmtmessﬂlﬁat it
is mechanically and electrically impossible to install
equipment incorrectly, or to attach cables, tubes,
electrical phgs, etc. in an improper mamer.
Mechenically keyed mating, different size comectors,
etc., should be incorporated to eliminate all such
possibilities. Shape of tubing, tie-down provisians,
color codes, labeling, etc., should not be used as
poimary methods of satisfying this requirement.

mintenance can be perfommed by persomel wearing
protective clothing (mesks, heavy gloves, etc.)

There should be no requirement for scheduled maintenance
(inchuding inspections & parts replacement) for
avionics equipment.

All IRU installation hardvare should be captive to
prevent loss during vehicle maintenance.

BIT/BITE equipment should be used to reduce fault
isolation and finction chedkout time.

GSE should be evaluated and onsidered at same time as
vehicle equipment.
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533 BREAKERS & FUSES CHECKLIST
SYSTEM: o

SUBASSEMBLY:

ENGINEER:

ORGANIZATION/ DESIGN BUILD TEAM:

TAPPLICABLE]|

1. Fuses or ciradt breskers protect both sides of the
line.

2. Fuses/cirauit brediters are located/grouped for easy
inspection.

3. FRuses/circuit breskers positively indicate when
blow/ tripped. ,

4. Easily reset ciradt breskers are preferred, usually
to fuses.

5. Tripped breskers are easily detected and reset from
front parels.

6. Breskers serving same functians are the same size,
type and shape.

7. Imﬂ:mtiasfa‘closirgtrippaitmdmaredmr
ad standard.

8. Breakers are labeled with function axd key
characteristics.

9. Fuses are an front panels and are replaceshle
vithout tools.

10. Ruse applications are standardized in a few
discriminate types.

11. Fuses with replacement parts are used only in
unsal cases.

12. Bnable fuse changeout/cirauit bresker reset without
disturbing system integrity.

13. Provide overload indicators an mjor companents even if
overloaded cirarts must sometimes be kept in operation.

14. Provide a positive indication an the front panel that
a fuse or ciraut bresker has opened a cirauit.

15. Provide holders for spare fuses in a camenient
location, and maxk "SPARE".

16. Select circuit breakers capable of being maually
operated to the (N and CFF positians.
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5.4 COMMONALTITY CHECKLIST

SYSTEM:

SUBASSEMBLY:

ENGINEER:

ORGANIZATION/DESIGN BUILD TEAM:

1. A minimm mumber and variety of standard fasteners
are used.

2. Different tlwead types are discriminately different
in diameter.

3. Stendardized 7/16 inch hex-heads are used wherever
practical to minimize tools.

4. "Identical subassenblies” are interchengesble without
realigmment.

S. Like subasserblies with different functions are not
interchangeshle.

6. Standardized, preferred ciraits are used for
routine finctions.

7. Commn interface mating hardware and interfaces
common to all payloads.

8. Use standand off-the-ghelf parts. (MS/NAS standards).

9. Standardize compmnents where possible, but don’t
make System move complex because of it.

10. Where possible, ensure all repair piece parts are
standard off-the-shelf.

11. Strictly enforce the use of standard tools.

12. Design specifications must establish a requirement
for standardized panel fasteners.

13. System specification should require all electric
system IRF's should have quick discamect capability.

14. Project offices mist review design inputs during QR
and PR, proliferation of non-standard cable and
comectors increases support costs, maintenance
mn-hours, tednical data ad training.

70




5.5 CONNECTORS CHECKLIST

SYSTEM: _
SUBASSEMBLY:
ENGINEER:

ORGANIZATION/DESIGN BUILD TEAM:

| APPLICARLE|
N

1. Cumectors are ;twi:hi\ha:eva' equipment
separation is likely.

2. Quck-discamect or bhg—in camectors are used
vhere feasible.

3. Comectors are visible, reachable, operable without
disassembly.

4. Comectors are operable by hand and BMU glove,
replaceable with cammn tool

comector.

6. Comecting andliaryaﬂ maintenance equipment
requires no tools.

7. Exch comector can be removed without disturbing
others.

8. hrctph.gisamasihlefmtesdxgdm
practicable. ..

9. Adepters are provided if needed for test/axdliary
equipment.

10. Comectors are designed, placed, coded to prevent
miscamection. -

. 1. lhlicatepartsateuotectaiaﬂovaﬁd’xtaﬁrgis
prevented.

12. RY's are never soldered in and plugs not safety

13. Comector manting points are supported against
_ breskage. R

14. An open comector is dbwvious, but design prevents
shorting.

15. Comector leads are replaceshle.

16. All receptacles, temminal boards, etc., are readily
replacenhle.

17. Extra comectors, pins, receptacles are provided as
appropriate.

18. Dust caps are supplied to protect comectors vhen
ot in use. n




55 CONNECTORS CHECKLIST (ONI.)

19. Plgs and receptacles are clearly identified by
color, tags, etc.

20. Comector labels/codes coxrelate with finetion,
Jjack, diagrams.

2. Strips, arrovs, etc., indicate position for proper
insertion.

22. Plugs/receptacles are provided with aligning pins or
devices.

23. Aligning pins in undform position, extend beyond
electric pins.

24. Pins are clearly coded and are arranged in standard
fashion.

25. Yymetrical pin arrangements are keyed to prevent
miscomection.

26. Provide standard comectors so that anly a few
adapter cahles will be required for testing.

27. Camector adjustment points should be permanently,
sinply and positively identified.

28. Standardize wire, comectors and pin size early so
that break out boses are held to a minimm.

29. Fhsure camectors are properly designed for corrosive

aviraments.

| APPLICAHLE]
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"5.6 ELECTRICAL POVWVER CHECKLIST

SYSTEM:

SUBASSEMBLY:

ENGINEER:

ORGANIZATION/DESIGN BUILD TEAM:

Comectors should be used to a meximm extent.

Splicing should not be required to replace an
electrical companent. Provide comectors at each
bulkhead wire or hamess passes through.

Comnectors shauld incorporate features to assure
that it is impossible to incorrectly mate.

Comectors should not require tools for camection.

All instruments and console-munted equipment should
have sufficient service loops to allow equipment
remval without remving other equipment or panels.

Quick access to vehicle batteries should be provided.

Quick access should be provided to power panels.

Cirasit breskers should be removable an vehicle without
having to remve the power panel.

8. Stadardize camectors.

w0

&E 8 B B

G &

17.

Design cable hamesses so they can be factory-build
and installed as a unit.

Provide guards for easily damsged ccexdal cables.
Route cables to avoid sharp bends.

Do not allow unprotected cables on floor penels.
Protect ends of cahle from misture.

Provide cable drip loops where appropriate.

Protect cahles fram grease, oil, propellants, hydraulic
fhidd, water, etc.

The need to remve a tie wrap fram a wire hundle should
not be required to acconplish remwal or installation.

Use moisture-proof camectors, not temdnal strips.
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56 ELECTRICAL POVER CHECKLIST (CONT.)

| APPLICABLE|
N

18. Electrical hamesses shall be supported using metal
brackets riveted to the structure. Posts bonded to the
structure with adhesive should not be used.

19. Engine-driven electrical generators should be mounted
to the engire or structure mounted gearbax with a
V-bound clamp to facilitate replacement.

2. EBIT/ETTE should be used to reduce fault isolation and
functional checkout time.
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4.

14,

5.7 ENGINE CHECKLTIST

SYSTEM:

SUBASSEMBLY:

ENGINEER:

ORGANIZATION/DESIGN BUILD TEAM:

Use all electric egine control.

Removal/installation of the engine can be accomplished
with the vehicle in a vertical or horizntal position.

Engine changeout procedures should not recuiire
tedmnicians to lie on the grand/floor to perfom any

tasks and should not require extraordinary dexterity.

Engine access doors, latches and fasteners should be
the conbination which facilitates the lowest engine
changeout time.

Quick discomects shauld be provided for all electrical,
propellant and fluid comections necessary for engine
reoval (Vs mst be qualified for ewvirament).

Quide-acting engine mounts should be used and engine
mants shauld be readily accessible.

The method of attadment of the engine to the vehicle
should be such that precise manual aligrnment of the

egine vith the vehicle is ot required. The engine/
vehicle manting hardvare should self-align the engine.

The engine cantrol camection should be a quick
discomect type.

Fngine control adjustment should be readily accessible.
No adjustment after engine change should be required.

The engine cmntrol should be seamed by a single bolt
ad not require lockwire.

n-vehicle engine trim capability should be provided.
Access to adjustment should be umestricted.

On-vehicle engine borescope capability should be
provided.

Access should be provided for adjustment of rigging
points.

Ready access should be provided to all accessories. As
a goal, remwal & replacement of accessories should not
require remval of the engine or other accessories.

Ready access should be provided to all items that have
to be inspected (chip detectars, differential pressure
indicators, history recorder).
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57 ENGINE CHECKLIST (ON.)

17.

The engine shipping trailer, with the suitable adapters,
should be used to remowve/install the engine.

"Pin-type" thrust mounts should be utilized. The thrust
mounts should be seamed in place by a simple clamp and
T muts. No lodwire should be required.

18. The side load link should be attached to the engire by

19.

a.

an expandable bolt to eliminate bolt hang-up or galling.

The side load link should pivot cut of the engine
remval evelope such that need not be remved fram the

vehicle during engine change.

The vehicle accessories (electrical generator, etc.)
should be mounted an a structural member mounted

The engine should fit any position an the vehicle
without reconfiguration.

22. The gral for engine remval and replacement time is

_ homs using___ tedmiciarns.
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8 FASTENERS CHECKLIST

SYSTEM:
SUBASSEMBLY:

ENGINEER:

ORGANIZATTON/DESIGN BUILD TEAM:

14.

. A minimm number and variety of standard fasteners

are used.

Fasteners are large, strag, durable, and "freeze"
proof.

Fasteners can be reached and removed without other
disassembly.

Different thread types are discriminately different
in diameter.

Standardized 7/16 inch hex-heads are used vherever
practical to minimize tools.

Like fasteners in different lengths are never used
together.

The rumber of tums to remove fasteners is minimal
(4 or less).

Adequate working and tool clearances surround each
fastener.
Special fasteners in different lengths are never used

together.

Standard size, type, torque value codes are etched
or evbossed.

. Frequently used fasteners oontrast in oolor with the

aurface.

. Replacement of stripped, wom, dameged fasteners is

easily accomplished by hand and EMJ glove using
oamon hard tools.

. Conbination heads (deep slot and hex) allow

altemate tool use.

Winged nuts are preferred to karled muts; avoid
tapped holes.

. Captive fasteners are used where loose iters could

create problens.

. Washers/seals fit tightly; are durable; used only

in a few standard sizes.
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58 FASTENERS CHECKLIST (ON.)

17.

5.
2.
2.

3.

Rivets are not used an any part that may require
removal.

. Safety wiring/cotter keys are avoided; can be

replaced if used.

. Close tolerance fasteners are avoided.
. Nut plates are easily aligned; each ganged nut is
replacesble.

. Retainer chains/rings prevent loss of smll items,

hold covers.

. Chains are located exterrally; can not engage

moving geer, etc.

. Chains are no langer than necessary; bead-link

chain avoided.

. Plug-ins, hinges, catches, etc. reduce number of

fasteners used.
Zevo-force fasteners used where appropriate.
Phillips, comon and allen head screws are avoided.

comections might loosen.

Avoid the use of self-tapping screws.
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. Rodet engine mss (heat sink) must be chilled down

. Fi11 and drain lines must be sized with adequate

. Structural designs that require thermal conditioning

. Fill and drain interfaces must be designed to avoid

. Consideration mist be given to excess hydrogen fram

. Groud facilities must avoid traps and containment

. Contamination control must be considered with emphasis

. Extemel insulation used an eryogenic tanks and lines

5.9 FLUID SYSTEMS CHECKLIST

SYSTEM:

SUBASSEMBLY:

ENGINEER: .
ORGANIZATION/DESIGN BUILD TEAM:

| APPLICABLE|
N

prior to filling flight tanks to avoid destructive
geysers and surging.

pressure rating to accomodate reasoneble servicing
time. '

. Gas ad liquid traps must be avoided to accommodate
reasaable servicing time and minimize flight to
grond interfaces.

must be avoided to accommodate reasonable sexrvicing
time.

destructive ullage gas collapse during chilldown and
filling.

agine ethasst dring gromnd operatians.

of free hydrogen to avid fires and explosions.

o designs that can accanmodate large particles -~
screens and baffles mgy impact servicing time. Also
location of screens should be driven to redce the
impact an ground servicing and not be based an minimm

weight/performance.

mst consider cryo pumping of air when used for IH2
sarvice. This cryo pumping will destroy the insula-
tion and generates a safety concen.

. Purging and drying of tarks, cryo transfer systens,
engines, and cooling/heat transfer systems mist be
cosidered to avoid freezeup and contamination.

. Oonsideration mist be given that cryogenic systems
generate frost and ice vhich can case structural

damege and added vedght.

. Oonsideration must be given that the use of large
quentities of inexrt gas (AR and He) used to control
aviroments creates safety and cost cocems. SIS
cost for Q2 and He each camonly cost twice, or more,
the eqpenditure on LK for a given period of time.
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59 FLUID SYSTEMS CHECKLIST (ONI.)

[APPLICABLE|
N

13. Be avare that high velocity Be flov quidkly creates
high terperature in intercamecting pipe lines.

14, Us of QQ and He should be minized, not only as a safety
precaution, but also fram a cost concemn.  ‘The money
value for these gases as used at K is surprisingly
large. In Nov. 1985, a common or typical mnth, the
SEC spent the following an ts and gases:

@s1.3%1b 4K - $580,000

$6/ton 1910 tos - $168,500

32,480 1b. §226,600

e

@ $8/1b-

@ $S6MXF 5,930 MXF - $332,100
@ $MIF 65,000 MR- $390,000

15. Consideration mst be given to insulation debond an
wﬂcuh&mamsimofptmvesel
surface as the tak stretches when pressurized and
induces high stress in the bond line. Shuttle ET
workaround is to service underpressure which locks
in the stress so that tank cen be pressurized and
depressurized with anly a smll delta stress.

16. Be aware of companent fretting which is caused by
high velocity flow induced vibration of intemel parts.

17. Be mare of possible camponent intemal canbustion
which is caused by microscopic particle impacts in a
QX flov stream. .

18. Be aare of fluid valves that are susceptible to
flow induced failire mode (close under flow instead
of remining in last position with actuator failure).

19. Be asare that crycgenic valve position verification
by actuator does not alweys verify position. This is
still a problem for suttle.

2. ladk of standardization of companents fram ane
discipline to another increases operations cost
umecessarily. '

21. Lightweight aryo valves require anti-glam provisians
to avoid damege. This increases complexity of the
companent and added failure modes, i.e, veight

shouldn’t be the sole design driver.

22. Be aare that late or inadequate qualification

testing of companents results in many changes in
hardware and increased OfM.

2. Imda;ntedesi@mxglnﬁrperfmm(smedms
caused from not allowing for adequate growth) in major
hardvare elements increases 08M considerably (dyramic
systelsmﬂtem'sidaab]ymusdniﬂed
maintenance).
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59 FLUID SYSTEMS CHECKLIST (CONT.)

TAPPLICAHLE]
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24. Be aware that the lack of design integration (overall
vehicle) requires more commodities to be procured,
stored, and serviced (adding many more interfaces) and
this results in a very great operational impact
(schedule time, marpower, ad cost) to the program.

25. Consunmable operated systems prior to lanch constrain
the hold and recyloe capability and should be avoided
or properly considered when design sizing is
acoomplished.

26. If hydraulic controls are required for tedmical
reasans and not just based an weight trade ad
aeperience, they should be self-omtained modular units.

27. Avoid placing high pressure dynamic systems in closed
campartments as they require the compartment to be
enviromentally mond tored both on the ground and
inflight to provide safe gperation of vehicle.

28. The use of mechanical joints and the absence of
isolation devices between high pressure and low

pressure systens require much manpower and groud
chedwut time to perform lesk checks.

29. Fluid ducts designed with weight as the driver can
experience deformation fram cryo qyeles and require
chargeout. This is generally caused by insulation
lesks and is not detectable by noomal extermal

inspectians.
0. Avoid designs that do not allow single groud failure
of instnmentation prior to flight, i.e., all sensors

used for red-line fimctions shauld be dal redundant.

3. Flow induoed vibvations in flex hoses and bellows
shauld be avoided by design as they can result in
failwre from fatigue.

- Such a failure at 1LC-394 during early Apollo-Satum
resulted in the spill of about 60K gallans of LOK

32. The wehicle design should avoid or minimize QMRS
ad lanch comit eriteria type requirements as those
requirements drive a large manpowered effort and reduce
probabdlity for lanch. -

3. Avoid labor intensive designs, i.e., like Orbiter TPS
-~ Bondline question-- —
- Moisture level question
- Susceptible to damage

3. Awoid vehicle designs that are "anly 0-G Systems” as
they require GE aids that add ground time and mepower.
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59 FLUID SYSTEMS CHECKLIST (CONT.) '

35. Be aare that carposite structural materials are
sometimes susceptible to misture that results in
damege when subjected to space evirament.

3. Like airplanes, a rasable vehicle requires much
gmrdtestirgarl:lxmectim(min‘hltsmetsaﬂ
companents verification) because of inadequate health
mond toring and built-in diagnostic capability. Also
the accessibility for inspection, repair, or changeout
mist be considered in indtial design as these
deficiencies result in groud testing, chedwut, ad
omsiderable maintenance time and menpover being

required.

37. WJ ducts have been successfully maufactured with
ane ATM pressure of Argn gas in the amular space.
These ducts are less sensitive to smll leskage
when not in oryo use and are relatively short. Super
insulated lines (foam with Nickel) where exposure to
oryo is relatively long are more susceptible to
damage.

|APPLICABLE|
N
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510 PACKAGING CHECKLIST

SYSTEM:
SUBASSEMBLY:
ENGINEER:

ORGANIZATTON/DESIGN BUILD TEAM:

1. gminsirgle]wer-amgemt (no staddng of
'S,

2. Nuber of inputs/outputs ad criss-cross signals is
mindnzed.

3. Delicate items are located/guarded against damege or
misuse. i

4. Components are segregated by maintenance sidlls and
tasks vhere possible.

5. Packaging minimizes place-to-place movements of the
crew member.

6. Adequate workspace is provided for tools/test/sexrvice.

7. EVA (RU's are RSR by MU glove, using camon hand
tools.

- 8. Like items are grouped together and mounted in
uniform fashion.

9. (HJs are remvable alang straight or slightly
arved lines.

10. (AV's are not concealed; mamer of manting 1s
always obviaus.

11. High failure rate ax sexrviceable items are most
accessible.

12. Large itams, cahles, mounts, do mot impede access to
R)s.

13, Plug-in, snap-on items are replaceable without
interference.

14. Sequential assembly requiring sequential disassenbly
is avoided.

15. All plug-in sodkets, keys, are ariented in the same
direction.

16. Quides/pins assist munting, partiailarly of
self-contained (R’ s.

83

[APPLICAHLE|
N




5.0 PACKAGING CHECKLIST (OOT.)

17.

18.

19.

2.

.

22. loddng pins, shock mounts, tie-downs are used where
needed.

3.
%, Padkege an sirgle layer-arrangement (no stadking of

No functioning parts or (RU’s are permanently
attached.

(RV's are independently mounted and blind mounting
is avoided.

(RJV's carot be incorrectly munted; (staggered
holes, etc.).

Mounting requires a mindmum muvber of stendardized
fasteners.

Phyg-in, quick-discamect fasteners are used when
possible.

[RYs should be replaceshle without powerdoun.

®Ys).

TAPPLICARLE]
N
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10.

14.

5.11 RELIABILTITY CHECKLTIST

SYSTEM:

SUBASSEMBLY:

ENGINEER:
ORGANIZATION/DESIGN BUILD TEAM:

TAPPLICAHE]

Essential systems need to be completely independent
of other systems and sub-gystens.

Pamine system for weakest 1ink and strengthen it,
repeating until optimized.

Perform reliability predictions to determine probeble
failure mode before design parameters are frozen.

Minimize use of moving parts.

Use fail-safe features. Minimize the possibility of any
faulty part cassing an unsafe candition, a series of

other parts to fail, or complete equipment failure.

Use parts whose daminant failure mode has a minimm
effect an the autput of the cirauit.

Make ciraits and mechanical designs as simple as
practicable.

Keep nurber and compled ty of individual stages to
an absolute minimum.

Keep the nnber and variety of companents (electrical
and mechanical) to an absolute mirdmm.

Utilize comon parts where possible. Insure complete
interchangeability of all like remwvable parts. '

. Use adequate derating factors for temperature effects

(especially with samiconductors, capacitars and
resistors) to insure reliability under worst case
condi tians.

. Compensate in equipment design for known limitations

of parts.

. Choose relays and switches with the proper ontacts

ansidering pesk current to be interrupted, lowest
arrent to be conducted, and a maximm acceptable
amtact resistance.

Use tolerances which allow for use and wear throughout
equipment lifetime.

. Eliminate critical cirauits by allowing large tolerance

margins in cirauit operation. gs :




511 RELTIABILITY CHECKLIST

17.

TAPPLICAHLE]

. Do not push state-of-the-art tedmology if readily

availahle, proven reliable, comm-use technology
will do the job.

Minimize use of parts known to have high failure rates,
such as camectors ad relays.

. Do not employ active elements if a finction can be

performed entirely by passive elements unless
designing microcirauits.

. Prevent possible opan cirauits in variable resistors

by camecting the wiper to one end shenever that end
would otherwise be left uncamected.

. Be certain that resistor wattage rating is still

adequate when adjusted toward minimm resistance.

. Use a single comector pin of adequate axrent rating

rather than dividing the amrent between several pins
of lower rating.

Minimize power supply demends and intemal temperature
rise in equipment by using the lowest feasible values
of arrent ad voltage.

. Awld ciraiits that require a high degree of voltage

regulation.

. Do ot 1oad integrated cirauit outputs to more then

X of mrufacturers maximm fanout rating.

. Do not exceed the manufacturers recommended pover

supply voltage. Maximum ratings should never be used.

Protect wires and cables ruming through holes in metal
partitions or across sharp metal edges from mechanical
damage by the use of gramets ar other suitable means.

Route cables to protect them fram damege during
movement o fram moving parts.

. Do not route electrical cables below fludd lines.

. Do not use edge-board camectars. Two-piece camectors

are more reliahle.

. Be sure that certain failure modes do not negate the

use of redundant equipment.
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5122 S AFETY CHECKLIST

SYSTEM:
SUBASSEMBLY:
ENGINEER:
ORGANIZATION/DESIGN BUILD TEAM:

1. Allocate GE to specific systams to awid using the
samne eqipment to interface with fuel, cddizer and
hydraulic systems. Clearly label equipnent as to the
systems it can be used to service.

2. Required safety equipment shall be clearly identified.

3. Provide adequate, fail-safe featwres for preventing
injury to persamel ad dapge to equipment.

4. It should be obwious how safety features operate.

5. Safety features should be difficult to bypass or
deactivate exxept for specific maintenance bypass
ciraits.

6. Use conspicuous cautions and wamings vith large,
omtrasting print.

Provide a readily accessible means of remwing all
power to the equipment. This and other power switches
should be located to prevent accidental operation

of the equipment. -

8. Use axrent 1imiting resistars where appropriate for
safety in high voltage cirauits.

dnﬂdb;atgrmdpotmdalawtwiﬂlrmdto
to the energy to be radiated.

10. Safeguard operating persomel fram coming into aontact
vith wltage in exsss of ) wolts dc or ms. Do not

locate adjustment screws or other commonly worked-on
parts near unprotected high voltages.

11. For potentials above 30 wolts, provide discharging
devices that actuate autamtically when equipment is

opened, unless capacitors discharge to 30 wolts in
2 seconds or less. ——

12. Resistive bleeder networks should cansist of at least
two equal resistors in parallel,

13. Provide guards (madwed with highest voltage),
interlodks with bypass, automatic discharge devices,
and grouding rods for potential between 70 ad 500
volts dc or s an contacts, terminals, and other
similar devices.
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512 SAFETY CHECKLIST (CONT.)

14'

17.

B

Interlock bypass devices should have a clearly visible
vaming indicator (illuminated jevel). Bypass devices
should reset automtically when the access is closed.

erplete]yeﬂmemﬂiawimpotmtja]semeaﬂm
500 volts de or ms. Clearly mark enclosures:

"DANGFR HIGH VILTAGE (mecdimum voltage) VOLTS." Use
white or aluminum color an red badground. Provide
interlodks without bypass, autamtic discharging
devices, ad grounding rods, as applicable.

. When practicable, the leslage anrent of the equipment

should not exeed 5 m to groud. Where more leakage
is uavoidsble, a waming plate nust be attached to
the front penel reading: DANGR - do not enaxgize this
equpment unless frame and all etposed metal parts are

Provide meters or voltage dividers with test points for
measurement of voltage in exwess of 300 volts pesic.
Voltage dividers should have at least two equal
resistocs in parallel between the test point and groud

. Do ot camect meters in partians of cirasts which

will cause high voltage potentials between meter and
front panel if meter should fail.

. Use panel meters having nonmetallic zero adjusters.
. For modmm safety, mount meters in high voltsge

cirazits behind a window of glass or thick plastic.

. Provide scresdriver guides to adjustment points which

must be operated near high voltages or thermally hot
oonponents, or are difficqult to locate. Screwdriver
handles should also be clear of obstructions ad
hazards.

Specify special tools or adequate insulation for tools
used near high voltages.

Ventilation holes should be smll enough to prevent
inadvertent insertion of test probes ar fingers.

. Exposed pins an plugs and receptacles should not be

energized (hot). Only socket type contacts should be
energized after ummting.

. Inclide a safety groud in all cable asserblies that

plhyg into cawvenience outlets. Cornect the grounding
pin of a three pin conductar to the green vire of a
three conductor cable (hlack/whd te/green).

. Keep mcrovave and X-radiation to safe levels and vamn

pe:sumlvimspprqriatenaddrgsor]ahe]s.

. Provide large rotating assarblies with a local pover

safety switch.
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512 SAFETY CHECKLIST (CONT.)

41.

. Provide guards to protect persamel fram mving

mechanical parts such as gears, fans, and belts.

. Use rounded edges (0.04 inch min.) and comers

(0.5 inch min.) an enclosures.

. Protect persamel from cutting edges, burrs, and

pointed objects. Protrusions should be avoided,
padded, or conspicuously marked.

. Use recessed handles rather than the extended type to

caserve space, preclude injuries, and minimize
catching an other units, wiring, or structures.

. Design locking mechandsms for doors and drawers to

prevent injury to the operator vhen the lock is
relessed. Accidental release of locks should also be
prevented as this could cause injury to persamel or
equipment demege.

. Protect persomel from imploding cathode gy tubes.

Prevent toede fumes, corrosive fluids vhich cause
chemical bums, combustible mixtures, or eqplosive
gases from reaching persamel, even if parts are

dameged or brdken.

. Specify nonspaddng tools for use in flanmeble or

explosive atmspheres.

. Equipment in a hazardous atmosphere should be properly

enclosed (explosion-proof housing, hermetically sealed,
enbedded, or pressurized) and electrically bonded to

Design so that the temperature of any enclosed part,
inchiding enclosure, does not exceed 60 C at an anbient
temperature of 35 C. Front panels and oontrols should
ot excesd 43 C.

Do not locate thermally hot parts near camonly
worked-on camponents.,

. Avoid bare metal handles an tools or controls for

use in extreme heat or cold.

. Beware of claims of flame-retardant, fire-resistant,

or self-extinguishing plastics. If safety dictates
such a requirement, test the actual application.

Varn persamel by marking or labeling equipment using

radicactive mterials. Protect persomel fram
dangerous exposure.
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512 SAFETY CHECKLIST (CONT.)

42. Keep audible noise as low as possible, but at least
below safe exposure levels.

43, Protect persamel fram intense light such as from
lasers ad provide appropriate warning labels.

4. Avold locating parels with G2 purges in enclosed
areas.
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14,

513 STRUCTURES CHECKLIST

SYSTEM:
SUBASSEMBLY:
ENGINEER:
ORGANIZATION/DESIGN BUILD TEAM:

Different types of fasteners (screws, bolts, quick
release) should be held to a minimm.

Different size and length of fasteners should be kept
to a minimm. All fasteners an an access door or cover
should have the same diameter and grip length. If not
possible to have the same grip length, bolts shauld be
a different diameter.

Goal of ane (not more than two) fastener-head drive
elemnt types. Drive element should provide a positive
engegemEnt vith the tool required for removal/instl.

ALl access panels should be of sufficient size to allow
maintenance an equip vhile wearing protective clothirg.

Quantity of fasteners minimized for each panel.

Hinged doors used to provide quick access and 1imit
damege due to ground handling and wind.

Hinged access doors that hinge up should be provided
vith supports to retain doors in the gpen position.

Ringed doors should clear the work area so that removed/
replaced [R)'s do not strike/deform structure during
maintenance.

Sealing methods should be used to prevent moisture
intrusion between structure & access panels. Fom-in-
place gaskets are acceptable, but not sealant that must
be applied to the surface of panels and scresheads.

. Hinge fittings should be bolted on and not be an

integral part of control surface or any hinged surface.
This facilitates hinge replacement.

. Drain holes should be provided in any area where

liquids could be trapped.

. Rivets should be installed with wet sealant.
. Access covers & doors should be interchangeable between

vehicles without modification or fitting.

Oovers should be completely removable and replaceable
in case of damege.

91

| APPLICABLE|
N




513 STRUCTURES CHECKLIST (CONT

16.

17.

9.

)

provided
be reinforced with material other than the camposite to
avoid the wearout ad resultant corrosion cased by the
fastener omtact with the corposite surface.

Access openings for inspection, servicing and engine
change should use thurb-latched hinged doors ar hinged
access doors with fast acting captive fasteners with
hex drive.

Minimm fastener dameter should be 1/4".

. Access should be provided to all points, items, units,

and canpaent vhich require servicing. Access should
be provided with the mimimm use of panels & covers.

Fasteners for panels and covers should be minimal in
runber with the easiest possible method of operation.

. Stress panels should not be used unless there is mo

altemative available.

. Type, size, shape and location of accesses should be

based an the following:

+ Location, setting and ewirament of unit.
+ Prequency of required access.

+ Maintenance function to be accomplished.

+ Clearance requirements.

+ Minimm use of special tools/equipment.

+ Distance hands must be extended into access.
+ Visibility requirements.

+ Size, veight, shape & clearance requirements of
objects that must enter access.
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514 SUBASSEMBLIES

SYSTEM:
SUBASSEMBLY:
ENGINEER: i

ORGANIZATION/DESIGN BUILD TEAM:

17.

CHECKLIST

Subassenblies can be removed and replaced without

discomecting or removing other equipment and
without introducing a hazardous condition.

Subassamblies are packed with the greatest practical
density.

Subassenbly design compatible with plamed
dlagrnostic capabllities,

Subassemblies are tested as units an go/no-go besis
for minimm error as practical.

Subassenblies are sealed only if assembly requires
special conditions.

"Identical subasserblies" are interchangesble
without realigrment.

Like subassemblies with different finctions are not
interchangeshle.

Piece parts are munted an, or integral to
subassenblies. e

Parts are mounted in an orderly array and are not
stackad.

. All parts in a subassenbly cntribute to a single,

camn function.

. Critical items or parts subject to R&R are ot

encapsulated.

. qu;ﬂarha!s,wawgnﬁhs,eub,ananmnmﬂﬂe
before handling. .

. All camections are failsafe, and will tolerate

Jumper cables.

. A systen-oasistent color-code discriminates similar

modules.

. Codes and labels identify and outline finctional

groxs of items.

. Test and service points, their values and limits,

are labeled, where practical.

Lift points are indicated; ciraiits are shown an
sealed netwodks.

. Standardized, preferred cirauits are wsed for 93

rautine functions.
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2.

4.

5.

7.

10.

11.

120

515 SUPPORT EQUTIPMENT

SYSTEM:

SUBASSEMBLY:

ENGINEER:

ORGANIZATION/DESIGN BUILD TEAM:

CHECKLTI

Vork stations and accessories designed for zero-g
are provided as needed.

Vork stations include storage for patch coxds,
testers, tools, merumls, spares and miscellaneaus
items.

Vork stations contain necessary camurdcatians,
video, and lighting.

Fyuipment restraints, racks and drawers are provided
where nesded.

Restraints are comatible with accesses, slide
rails, etc.

Where possible, restraints are part of besic
rack/console.

Restraints, holders, reels, etc. are built-in
whevever practical.

Crew restraint eyes, hodks, pulleys, etc. are
provided where needed.

Crew restraints, belts, clothing, goggles are
provided/stored where needed.

Support equipment is built-in or portable (in that
arder).

Portable items are humen engineered for zero-g
posture and are easy to use, carry, ad store.

Handles, retainers, bumpers are provided to reduce
hazard of accidental contact.
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5.16 TE ST EQUIPMENT CHECKTLTIST

SYSTEM:

SUBASSEMBLY:

ENGINEER:

ORGANIZATION/DESIGN BUILD TEAM:

Adequate/standard TE is plamed for each required

measurenant.

TE is designed and shielded for omstant, rough use.

TE is selected/plamed for operations, workspace and
avirament.

TE is built-in vhere use is heavy, access and
displays limited.

TE is fail-safe; failure is not dangerous to people
or equipment.

Grounds, breakers, axd fuses protect against user
error/misuse.

TE allows ane-person troubleshooting in fewest and
quickest steps.

TE allows access to inputs/outputs of each RU,
mdule, etc.

Selector switches are preferred to many separate
comnectors.

. Probes can be confortably held; tips ensure
adequate oontact.

. Major leads are penmanently attached, and adequate
in length.
.lhmwbleahpte:sarelxwidedwneededfcr
fledbility.
.Sinpledadsslwvtm'mismtofcammtimcr

in errox.

. Displays are direct reading; any comversion tables

are on TE.

. 'IE is plamed to satisfy as may related uses as

possible.

. Instructions are permanently inscribed in

step-by-step format.
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516 TRERST BQU.IPHENT CHECKLIST (CONT.)

17. Instruction language is simple, in easy view and
eagily read.

18. Instructions include calibration requirements and
procedures.

19. There is a label cn every item persamel must use.

20. Labels provide name, purpose, limitations and
cautions for user.

21. Color codes relate oontrols/displays and altermate
scales/uses.

22. Storage is adequate for leads, probes, spares, data,
refevences, etc.

23. Storage holders/fasteners are provided, proper use
indicated.

2. Portable TE is self-povered and best size/shape
weight for use.

25. All TE is designed for covenient storage, transpoct
ad repair.
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5.

17 TEST POINTS(TP) CHECKLIST

SYSTEM:

SUBASSEMBLY:

ENGINEER:
ORGANIZATION/DESIGN BUILD TEAM:

17.

Only TP's useful to check, detect ad diagnose are
provided.

Mgjor/intermediate/minor TP's differ in
locatian/type/coding.

The rumber of different types/sizes of TP's is

TP's are consistent with maintenance concepts and
tedmiques. o

'lP'sare;tovidsiford:irectdndcathwtaﬂ
output of R’s, .

TP's are provided in all comectors, jadks ad
terminals.

. 'E'sﬁoracte::mltesthiptmtaremwta:case

of units.

TP’3 are fully exposed except where deliberate
concealment is required.

Special TP's are used anly for depot maintenance
functions.

. TP's are grauped an the most accessible face of each

‘mt.

. TP's are grouped within limits of nonml test lead

lengths.

. TP's are arranged in a line/matrix reflecting test

sequence.

TP location precludes probe damege to lines and
other items.

. Frequently used TP’s are most accessible; all are
visible.

. Trouble can be diagnosed without remving undts or

subassemblies.

. Adequate workspace is provided about T¥'s for

probes, hands.
TP’s will support probes, which need not be held by
hand.

. Probes, leads require anly fraction tuuns for
attadment. 97

|APPLICABLE|
N




517 TEST POINTS (') CHECKLIST (CONT.)

TAPPLICARLE]
N

19. TP’s are labelad with wave form, voltage, ad
tolevances.

20. TP's are labeled sequentially and color coded to
aid in location.

21. Luminescent maridngs aid TP location in low
i1hmination.

22. TP attadment ad construction will withstand long
t&.

23. TP insulation and clearances prevent shorting vith
probes.

%. Provide sufficient test points to allow fault
isolation through the replaceshle unit level.
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5.18 TESTABILITY CHECKLIST

SYSTEM:
SUBASSEMBLY:
ENGINEER:

ORGANIZATION/DESIGN BUILD TEAM:

TAPPLICAHE]
N

1. Divide conplex logic functions into smller
canbinational logic sections.

2. Awid one-shots; if used, route their signels to
the edge camector.

3. Keep logic depth an ay board to a low level by
using edge-terminated test/oontrol points.

4. Use open collector devices with pull-up resistors to
emshle exterral override oontrol.

S. COmstruct trees to check the parity of selected
graxs of eight bits or fever.

6. Break paths vhen a logic elemnt fans aut to several
places that coverge later.

7. Bring cut test points as near to d/a cawersians as
possible.

8. Provide a means of disahling on-board clodks so that
the tester clock may be substituted.

9. Provide mounted switches and RC networks with
override lines to the edge comector.

10. Route logic drives of lams and displays to the edge
camector so that the tester can check for correct

operation.

11. Separate analog cirauits from digital logic, exept
for timing cirasits.

12. Ad top-hat camector pins or mount extra IC sodkets
dueﬂnearm’tend’netemurpdmﬁr
test/control points.

13. Use sodkets with complex ICs - CPUls, UARTS and long
dynamic shift registers.

14. Wire feadback lines and other complex ciraudt lines
to an IC sodwet vith a jumper plug so that they can
be interrupted at test.

15. Use jumpers that can be cut during debugging. The
Jurpers can be located near the board-edge

oomector.

16. Allow for capacitive loads on input/cutput lines and
test points.

17. Allov for extermal initialization of intermal
cirartry. 99




518 TESTABILITY CHECKLIST (CONT.)

. Standardize pover-on and graund pins to avoid

test-hamess multiplicity.

. Divide large FC boards into subsections whenever

possihle.

. Uniformly mount I0s and clearly identify them to

make it easier to locate them.

. Provide sufficient clearance around IC sockets ad

direct-soldered ICs so that IC clips can be attached
vhenever necessary.

Fix locations of power and ground lines for
uniformity amng several board types.

. Make the grond trace an boards large enough to

avoid noise problems.

. Group together signal lines of particular

familiarity.
(learly label all parts, pins and comectors.
Test power supplies.

. Provide imunity from transients ad improper

voltage application sequences.

. Use "zero" ar low insertion-pressure camectors to

extend the test life of test adepter comectors.

. Built-in-test (BIT) should be used for both fault

detection and isolation.

Fault indicators, both visual ad adible, are
desirable and must themselves be easily tested.

. Design test points and test comector to allow

accidental shorting of pins both to ground ad to
each other without cirauit damege.

. Design for rapid and positive adjustment and

calibration. Adjustments should be accessible and
easily identified.

. Provide methods of interrupting feedback loops.

Design to avoid "Domino” failures.

Design BIT circuitry to allow failsafe operation in
case of BIT failre.

. Budlt-in monitoring devices/BITE should be easily

remwable for calibration and repair.

TAPPLICARLE|
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5.19 WIRING CHECKLIST

SYSTEM: =~

SUBASSEMBLY:

ENGINEER:

ORGANIZATION/DESIGN BUILD TEAM:

Wiring is designed to allow repair/installation in
2ev0-G @wvirament.

2. Conductors are bound in pre-plamed cables ad

3.

4-

9.

harmesses.

Vires within cables/harnesses are traceshle by
positiavcolor. .

Gtmszmdwkﬁgamesunﬁmﬂzﬂintmn,sbz,
ad fixtures. _

Viring is protected in raceways, stuffing tubes,
ooduit, etc.

Wiring is seaured by quick-release nonconductive
clamps/plates.

. Wiring is supported at both ends of bends and wesk
areas.

wketumkgwuvtﬁhdca:aStrinu!ﬁaewhh
maintenance.

Viring is protected from edges, fluids, and hest.

10. Wiring is routed for traddng and repair and should

avoid being pinched, walked-an, nn-over, used for
handholds, etc.

11. Wiring bears no load and will discomect befare

bresking.

u.wkﬁgtomwhﬁtﬁ&ggﬁmhsesymwmamvdmam

13. Wiring lengths permit covenient testing or removal

of units.

14. Wiring need not be bent or unbent sharply when

recamnected. o

15, Viring is coded, labeled, tagged with type and

somce of sigmal.

16. Wiring labeling and coding is consistent throughout

the system.

17. Gthszrﬂcnnrnuxswﬂl[na;drughwdﬂs,

bulkhead, and rurs.

18. N&daleaeskn<zﬁhs(s&mmps*mnzmdhuis)

are provided. 101
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519 WIRING CHRCKLIST (CONT.)

19. Spare terminals, comector pins, and wires are
provided.

20. Leads fan out to provide workspace ad to prevent

21. Lead lergths petmit easy comection and comector
replacenents.

22. Test points are provided if leads are unavailable
for testing.

23. Texminals will not loosen, rotate, or bresk with
repeated use.

2. Texminals are spaced so work an ane does mot damge
others.

25. Push-type terminals are used when possible.

26. Groud camections should interface with an
extermal panel.

27. Comector design should eliminate/minimize
"bent-pin" problems.

28. If viring will require protective covering, include
oovering in initial design.

29, Mark transmission line terminals with the
characteristic inpedance of the line.

TAPPLICARLE]
N
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